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PREFACE. 



While we have recent and improved systems of Greography, of Arith- 
metic, and of Grammar, in ample variety, -and Reading and Spdling Books 
in corresponding abundance, many of which show our advancement in 
the science of education, no one has offered to the public, for the use. of 
our schools, any new or improved system of Natural Philosophy. And 
yet this is £^ branch of education very extensively studied at the present 
time, and probably would be much more so, were some of its parts so ex- 
plained and illustrated as to make them more easily understood. 

The author therefore undertook the following work at the suggestion of 
several eminent teachers, who for years have regretted the want of a book 
on this subject, more familiar in its explanations, and more ample in its 
details, than any now in common use. 

The Conversations on Natural Philosophy, a foreign work now extea> 
sively used in schools, though beautifully written, and often highly inter- 
esting, is, on the whole, considered by most instructors as exceedingly 
deficienir— particularly in wanting such a method in its explanations, as to 
eonvey to the mind of the pupil precise and definite ideas ; and also in 
the omission of many subjects, in themselves most useful to the student, 
and at the same time most easily taught. 

It is also doubted by many instructors, whether Conversations is th» 
best form for a book of instruction, and particularly on the several sub- 
jects embraced in a system of Natural Philosophy. Indeed, those who 
have had most experience as teachers, are decidedly of the opinion that 
it is not; and hence we learn, that in those parts of Europe where the 
subject of education has received the most attention, and consequentiy 
where the best methods of conveying instruction are supposed to have 
been adopted, school books in the form of conversations are at present en- 
tirely out of use. 

The author of the following syston hopes to have illustrated and ex- 
plained most subjects treated of, in a manner so familiar as to be under- 
stood by the pupil, virithout requiring additional diagrams, or new^modes 
of explanations from the teacher. 

Every one who has attempted to make himself master of a difllcult 
proposition by means of diagrams, knows that the great number of letters 
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of raference with which they are sometimes loaded, is often the most per- 
{dexing part of the subjecti and particularly when one figure is made to 
answer seyeral purposes, and is placed at a distance from the explanation. 
To aToid this difficulty, the author has introduced additicmal figures to 
illustrate the different parts of the subject, instead of referring back to for- 
mer ones, so that the student is never peiplexed with many letters on any 
one figure. The figures are also placed under the eye, and in immediate 
connexion with their descriptions, so Aat the letters of reference in the 
text, and those on the diagrams, can be seen at the same time. In respect 
to the language employed, it has been the chief object of the author to 
make himself understood by those who knownothing of mathematics, and 
who indeed had no prerioas knowledge of Natural Philosophy. Terms 
of science have therefore been as much as possible avoided, and wiien 
used, aie explained in connexion with the subjects to Which they 
belong, and it is hoped, to the ccrniprehension of common readers. This 
method was thought preferable to that of adding a Glossary of scientific 
tenos. 

The author has also endeavored to illustrate the subjects as much«£ 
possible by means of common occurrences, or common things, and in this 
manner to bring philosophical truths as much as practicable within ordi- 
ftiary acquirements. It is hoped, therefi>re, that the practical mechanic 
may take some useful hints concerning his business, firom several parts of 
the work. 

Bartford, Ma/yi 1890* 
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TV aitentian &f TuushMrs, and other gmUmnenintereaUd in education, io riquut- 
td, to the /Mowing notieee of thio "Sf^etem eT PhUooophy^'' tohich art from the 
moot respectable aoureea: 

From John Griecom, LL. D. Principal of the New- York High SchooL 

New- York, June 19(A, 1890. 
EensiOD FribsDi 

I have received and examined thy book on Natnral Philosophy, with much MtCia- 
faction ; I have no hesitation in saying, that I consider it better adapted to the pur- 
poses of School Instruction, than any of the Manuals hitherto in use with which I am 
acquainted. The amiable author of the Conversations threw a charm over the dif- 
ferent subjects which she has treated of, by the interlocutory style which she adopted, 
and thus rendered the private study of those Sciencm more attractive ; but this style 
or manner, being necessarily dliRise, is not so well adapted to the didactic forms of 
instmction pursued in Schools. Hence al8(^ more matter can be introduced withib 
the same c<KnpaBS, and I And, on comparing thy volume with either of the editioas 
of the ConveraatioDs now in use, that the former is much better entitled to the ap- 
pellation of a System of Natural Philosophy, than the latter. The addition also of 
Sectricity and Ibgnetism, is by no means unimportant In a coone of kurtmction in 
the Physical Sciences. 

I am, with great respect, JOHN OBISCXm .- 

P. B. I have recommended thy book to ail the pupils of our High School, who at- 
tend to Natural Philosophy, and it is the only Book which we shall now use as a Clasfi 
Book. 

Fyvm B, Potter, Prqfeeeor ofMathemaHee and Natural PkUoeophy, in Waehing- 

. ton CoUege, Hartford, Conn. 
DBAS Sn, 
I have examined a portion of your work on Nataral Philosophy, and am happy to 
say that I am, hi genera], well pleased with the plan you have adopted. With the 
exception of a few errors, which will doubtless be corrected in a subsequent editioa, 
your mode of treating your subjects seems to be suffleiently scientific for a work so 
very elementary in its character^-and at the same time, it is so popular, as to pnpsent 
few diAcultles to an uneducated person of ordinary understanding. The dlagnuaa 
are generally well drawn, and the plan of introduchig them on the same page wftk 
the explanation, win contribute greatly to the comfort and advantage of yoorrcaders. 

Very truly Tours, H. POTTBE. 

Db. J. L. COMSffOOK. 

Waehingten CoUege, July 1, 1830. 
From the Right Rev. T. C. Brovnell, D. D., LL. D., Preeident ^Waekimgien 

CoUege. 
From a ennoiy examinatioa of the work, I willingly concur la the abow<s rsMa- 
mepdation. I know of no similar Book, which, for plan and anaQgemeo^ isao ««a 
calculated for the use of Sebooto. T. 0. BKOWmUi 

Ihk J. lb CoanroGK. 
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Db. Oojotook, 

I have examined your l^reatiie on Natonl Philoioptay with considenble attflniioa, 
having oaed it as a Tekt Book in the Oimmmar School, immediately on its pablica* 
tJon. With 0iia knowledge of its contents, I liave no hesitation in pronoanciI^[ it the 
best work on this subject, for the use of Schools and Academiefl^. with which I am 
acquainted, and thezefcre hope to see it extensively introduced. 

E. P. BARROWS^ 
Principal Bartford Oranunar School, 
Hartford^ June 96^ 1830. 

PB. COMSTOCK, 

Dear Sir,— I have carefully examined your System of Natnral Philosophy, and am 
of opinion that it is fiur superior to any work of the kind now in use. As particular 
excellencies of this System, I would mention Its happy illustration»->the perspicuity, 
variety, arrangement, and originality of its diagrams, and the addition of much new* 
interesting, and useful matter. It appears, indeed, to have been a principal object 
with you, to give the Student correct and d^nitc Ideas, and in this attempt I think 
you have been peculiarly successful. I have been highly pleased with the work my* 
self, and can heartQy recommend it to the attention and patronage of the public. 

OLIVER HOPSON, 
Prfncipal of the Select School 
Hartford, June 1, 1890. 

From the Teacher tf MathemaUca and Natural Philoooph^ in the Bigh Sehoolt at 

SUington, Conn, 
Dear &>,~4 have examined your " System of Natural Philosophy," and used it as 
a text-book for one class. I ooosider ii belter adapted to the purposes of elementary 
Instmciiaa than any work of a similar kind with which I am at present acquainted. 

ZBBULON CROCKER. 
Elttngt&n Sehool, Aug. 10^ 1830. 
GmnxttMBN, 

1 have examined "Comstoek*s Natunl Philosophy,*' and think it is a book excel* 
lently adapted to communicate a competent knowledge of the various subjects on 
whleb it treats. It does net enter into that depth of Sclentillcal and Xathematicai 
illustration, of which the subjeots are susceptible; but it Illustrates, in a familiar way, 
most of the principles of Natural Philosophy, and is enriched with a statement of 
practical details in that science. It is a book weH calculated to be highly useful in 
o«r Schools and Academies. 

Host respectfully Tonn, Ac ROBERT BRUCE, 

Preoident itfWUlem f7i»<«ersily, Penn. 



I have examined many of those TMatises of Natunl Phflosophy that have been pre* 
pared for the younger classes of Students— Dr. Ctomstoek approaches more nearly to 
the Idea I have formed of what such a work should be, than any I have met wtth. It 
is rich in Philosophical facts, its ex|>lanation8 are popular. Its illustrations practical, 
and its language perspicuous. It is perfectly adapted to those stodents at school that 
do not take an extensive course of Mathematics, and to those that do^ it will senre the 
ieiportaBt purpose of an Introduetkm. 

Yoon, raspectfolly, J. H. FIELDINO, 
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NATURAL PHILOSOPHY- 



THE PROPERTIES OF BODIES. 



A Body is any substance of which we can ^aln a know- 
ledge by our senses. Hence air, water, and eara, in all their 
modifications, are called bodies. 

There are certain properties which are common to all bo- 
dies. These are called the essential properties of bodies. 
They are Impenetrability^ Extensiorh Figure^ Divisibility^ 
Inertia^ and Attraction, 

Impenetrdbility. — By impenetrability, it is meant that two 
bodies cannot occupy the same space at the same time, or, 
that the ultimate particles of matter cannot be penetrated. 
Thus, if a vessel be exactly filled with water, and a stone, or 
any other substance heavier than water, be dropped into it, a 
quantity of water will overflow, just equal to the size of the 
heavy body^ This shows that tiie stone only separates or dis- 
places the particles of water, and therefore that the two sub- 
stances cannot exist in the same place at the same time. If a 
glass tube open at the bottom, and closed with the thumb at 
me top, be pressed down into a vessel of water, the liquid will 
not rise up and fill the tube, because the air already in the 
tube resists it ; but if the thiunb "be removed, so that the air 
can pass out, the water will instantly rise as high on the inside 
pf the tube as it is on the outside. This shows that the air is 
impenetrable to the water. 

What ifl a body? Mention levend bodiM. What ai^ (he eeaeiitial pio- 
perCies of bodiegl What a meant by im/pent^cMUif ? How is k pioved 
that air and water are impenetrable 1 

2 
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If a nail be driven into a board, in common language, it is 
said to penetrate tlie wood, but in the language of philosophy^ 
it only separates^ or displaces the particles of the wood. The 
same is the case, if the nail be driven into a piece of lead ; 
the particles of the lead are separated from each other, and 
crowded together, to n^ake room for the harder body, but the 
particles themselves are by no means penetrated by the naiL 

When a piece of gold is dissolved in an acid, the particles 
of the metal are divided, or separated from each other, and 
difiused in the fluid, but the particles of gold are supposed 
still to be entire, for if the acid be removed, we obtain tne gold 
again in its solid form, just as though its particFes had never 
been separated. 

Extension. — Every body, however small, must have length, 
breadth, and thickness, since no substance can exist without 
them. By extension, therefore, is only meant these qualities. 
Extension has no respect to the size, or shape of a body. The 
size and shape of a block of wood a foot square is quite dif- 
ferent from that of a walking stick. But they both equally 
possess length, breadth, and thickness, since the stick might 
be cut into little blocks, exactly resembling in shape the 
large one. And these little cubes might again be divided 
until they were only the hundredth part of an inch in diame- 
ter, and still it is obvious, that they would possess length, 
breadth, and thickness, for they could yet be seen, felt, and 
measured. But suppose each of these uttle blocks to be again 
divided a thousand times, it is true we could not measure them, 
but still they would possess the quality of extension, as really 
as they did oefore division, the only difference being in respect 
to dimensions. 

Figure, or form, is the result of extension, for we cannot 
conceive that a body has length and breadth, without its also 
having some kind of figure, however irregular^ 

Some solid bodies have certain or determinate forms, 
which are produced by nature, and are always the same, 
wherever they are found. Thus a crystal of quartz has six 
sides, while a garnet has twelve sides, these numbers being 

When a nail is driven into a board or piece of lead, are the particles o. 
these bodies penetrated or separated 1 Are the particles of j^ld dissolved, 
or only separated by the acid ? What is meant by extension 1 In how 
many directions do bodies possess extension 1 Of what is figure, or form, 
theresujtl Do all bodiea possess figure 1 What solids aie regular in their 
foimsl 
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invariable. Some solids are so irregular, that they cannot 
be compared with any mathematical &iire. This is the case 
with the fragments of a broken rock, chips of wood, fractured 
glass, d&c 

Fluid bodies have no determinate forms, but take their 
shapes from the vessels in which they happen to be placed. 

Vivisibility. — B^ the divisibility of matter, we mean that 
a body may be divided into parts, and that these parts may 
again be divided into other parts. 

It is quite obvious, that if we break a piece of marble into 
two parts, these two parts may again be divided, and that the 
process of division may be continued until these parts are so 
small as not individually to be seen or felt But as every body, 
however small, must possess extension and form, so we can 
conceive of none so minute but that it may a^in be divided. 
There is, however, possibly, a limit, beyond which bodies 
cannot be actually divided, for there may be reason to believe 
that the atoms or matter are indivisible by any means in our 
power. But under what circumstances this takes place, or 
whether it is in the power of man during his whole life, to 
pulverize any substance so finely, that it may not again be 
broken, is unknown. 

We can conceive, in some degree, how minute must be the 
particles of matter, from circumstances that every day come 
within our knowledge. 

A single grain of musk will scent a room for years, and 
still lose no appreciable part of its weight. Here, the particles 
of musk must be floating in the air of every part of the room, 
otherwise they could not be every where perceived. 

Gold is hammered so thin, as to take 282,000 leaves to make 
an inch in thickness. Here, the particles still adhere to each 
other, notwithstanding the great surface which they cover, — a 
single ^rain being simicient to extend over a surface of fifty 
square inches. 

The ultimate particles of matter, however widely they may 
be difiused, are not individually destroyed, or lost, but under 
certain circumstances, may again be collected into a body 

What bodies are irregular 7 What is meant by divisibility of matter 7 Is 
there any limit to the dmsiMlity of matter 7 Are the atoms of matter di- 
TiBible7 What examples are giv^i of the divisibility of matter? How 
many leaves of gold does it take to make an inch in tmckness 7 How ma- 
ny square inches may a grain of gold be made to oover7 
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wiftoiit change of Ibrm. Mercury, w^ter» and many o^r 
substances, may be c<mrerted into Tapor, or distilled in dose 
ressela, without any of their particles being lost. In such 
cases, there is no decomposition of the substances, but only a 
change of form by the heat, and hence the mercury and wa- 
ter assume their original state again on cooling. 

When bodies suffer decomposition or decay, their elemen- 
tary particles, in like manner, are neither destroyed nor lost, 
but only enter into new arrangements, or combmations with 
other bodies. 

When a piece of wood is heated in a close vessel, such as a 
retort, we obtain water, an acid, several kinds of ^as, and 
there remains a black, porous substance, called cnareo^. 
The wood is thus decomposed, or destroyed, and its parti- 
cles take a new arrangement, and assume new forms, but 
that nothing is lost is proved by the fact, that if the water, 
acid, gases, and charcoal be collected and weighed, they will 
be found exactly as heavy as the wood was, before distOIa- 
tion. 

Bones, fl^h, or any animal substance, may in the same 
manner be made to assume new forms, without losing a par*' 
tide of the matter which they originally contained. 

The decay of animal or vegetable bodies in the open air, 
or in the ground, is only a process by which the particles of 
which they were composed, change their places, and assume 
new forms. 

The decay and decomposition of animals and vegetables on 
the surface of the Earth form the soil, which nourishes the 
growth of plants and other vegetables ; and these, in their 
turn, form the nutriment of animals. Thus is there a per- 
petual change from death to life, and from life to death, and 
as constant a succession in the forms and places, which the 
particles of matter assume. Nothing is lost, and not a parti- 
cle of matter is struck out of existence. The same matter of 
which every Uving animal, and every vegetable was formed, 
before and since the flood, is still in existence. As nothing is 
lost or annihilated, so it is probable that nothing has been 
added, and that we, ourselves, are composed of particles of 
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Under what clrcumfltaiioes may the partides of matter a^ain be collected 
in their (original fi>rm 1 When bodies suffer decay, are their particles lost 1 
What becomes of the particles of bodies which decay 'I Is it jj^robahie that 
any matter has been fnaUulated, or added, sinos th^ &)^ creaoon 1 
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matter as old as the creation. In time, we must, in our turn, 
sufier decomposition, as all forms have done before us, and 
thus resign the matter of which we are composed, to form new 
existences. 

Inertia. — ^Inertia means passiveness or want of power. 
Thus matter is, of itself, equally incapable of putting itself in 
motion, or of bringing itself to rest when in motion. 

It is plain that a rock. on the surface of the earth, never 
changes its position in respect to other things on the earth* 
It has of itself no power to move, and would, therefore, for ever 
lie still, unless moved by some external force. This fact is 
proved by the experience of every person, for we see the same 
objects lying in the same positions all our lives. Now, it is 
just as true, that inert matter has no power to bring itself to 
rest, when once put in motion, as it is, that it cannot put it- 
self in motion, when at rest, for having no life, it is perfectly 
passive, both to motion and rest, and therefore either state de- 
pends entirely upon circumstances. 

Common experience proving that matter does not put itself 
in motion, we might be led to believe, that rest is the natural 
state of all inert bodies, but a few considerations will show, 
that motion is as much the natural state of matter as rest, and 
that either state depends on the resistance, or impulse, of ex- 
ternal causes. 

If a cannon ball be rolled upon the ground, it will soon 
cease to move, because the ground is rough, and presents im- 
pediments to its motion ; but if it be rolled on the ice, its mo- 
tion will continue much longer, because there are fewer im- 
pediments, and consequently, the same force of impulse will 
carry it much farther. We see from this, that with the same 
impulse, the distance to which the ball will move must depend 
on the impediments it meets with, or the resistance it has to 
overcome. But suppose that the ball and ice were both so 
smooth as to remove as much as possible the resistance caused 
by friction, then it is obvious that the ball would continue to 
move^ longer, and go to a greatgr distance. Next suppose we 
avoid the Mction of the ice, and throw the ball through the 
air, it would then continue in motion still longer with the same 

What is said of the particks of matter of which we are made 1 What 
does inertia mean 1 Is rest or motion the natural state of matter's Whj 
does the bedl roll fiurtber on the ice than on the groundl What does this 
proved 

2 
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force of projection, because the air alone, presents less impedi- 
ment than the air and ice, and there is now nothing to oppose 
its constant motion, except the resistance of the air, and its own 
weiffht, or gravity. 

if the air be exhausted, or piunped out of a vessel by means 
of an air pump, and a common top, with a small, hard point, 
be set in motion in it, the top will continue to spin for hours, 
because the air does not resist its. motion. A pendulum, set 
in motion, in an exhausted vessel, will continue to swin?, with- 
out the help of clock work, for a whole day, because mere is 
nothing to resist its perpetual motion, but the small fricticm at 
the point where it is suspended. 

We see, then, that it is the resistance of the air, of friction, 
and of gravity, which cause bodies once in motion to cease 
moving, or come to rest, and that dead matter of itself, is 
equally incapable of causing its own motion, or its own 
rest 

We have perpetual examples of the truth of this doctrine, 
in the moon, and other planets. These vast bodies move 
through spaces which are void of the obstacles of air and fric- 
tion, and their motions are the same that they were thousands 
of years ago, or at the be^nning of creation. 

AMrnction, — ^By attraction is meant that property, or quality 
in the particles of bodies, which make them tend toward each 
other. 

We know that substances are composed of small atoms, or 
particles; ^f matter, and that it is a collection of these, united 
together, that forms all the objects with which we are acquaint- 
ed. Now, when we come to divide, or separate any substance 
into parts, we do not find that its particles have been imited, 
or kept together by glue, litde nails, or any such mechanical 
means, but that they cling together by some power, not obvi- 
ous to our senses. This power we call attraction, but of its 
nature or cause, we are entirely ignorant. Experiment and 
observation, however, demonstrate, that this power pervades 
all material things, and Uiat under different modifications, it 

Why, with the same force of projection, will a ball move farther through 
the air than on tiie ice 7 Wh^ wilfa top spin, or a pendulum swing longer, 
in an exhausted vessel than in the air 7 What are the causes which re- 
sist the perpetual motion of bodies 1 Where have we an example of 
contiiiuea motion, without the existence of air and fHction 1 What is meant 
by attraction 1 What is known about the cause of attraction 1 Is attraction 
common to aU kinds of matter, or not 1 



PROPERTIES OF BODIES. 15 

not only makes the particles of bodies adhere to each odier, 
but is the cause which keeps the planets in their orbits as the3r 
pass through the heavens. 

Attraction has received different names, according to the 
circumstances binder which it acts. 

The force which keeps the particles of matter together, to 
form bodies, or masses, is called attraction of cohesion. That 
which inclines different masses towards each other, is called 
attraction of gravitation. That which causes liquids to rise 
in tubes, is called capillary attraction. That which forces the 
particles of substances of different kinds to unite, is known 
under the name of chemical attraction. That which causes 
the needle to point constantly towards the poles of the earth 
is magnetic attraction ; and that which is excited by friction 
in certain substances, is known by the name of electrical at" 
traction. 

The following iHustrations, it is hoped, will make each kind 
of attraction distinct and obvious to tne mind of the student. 

Attraetion of cohesion acts only at insensible distances, as 
when the particles of bodies apparently touch each other. 

Take two pieces of lead, of a round form, an inch in diame- 
ter, and two inches long ; flatten one end of each, and make 
through it an eye-hole for a string. Make the other ends of 
each as smooth as possible, by cutting them with a sharp 
knife. If now the smooth surfaces be brought together^ 
with a slight turning pressure, they will adhere with such 
force that two men can hardly pull them apart by the two 
strings. 

In like manner, two pieces of plate glass, when their sur&* 
ces are cleaned from dust, and they are pressed together, will 
jtdhere with considerable force. Other smooth substances 
present the same phenomena. 

This kind of attraction is much stronger in some bodies 
than in others. Thus, it is stronger in the metals than in most 
other substances, and in some of the metals it is stronger 
than in others. In general, it is most powerful among me 
particles of solid bodies, weaker among those of liquids, and 

What efSedi does this power have upon the planets ? * Why has attrac- 
tion received different names 1 How many kinds of attraction are there "i 
How does the attraction of cohesion operate 1 What is meant by attraction 
of gravitation 1 Wlwt by capillary attraction 1 What by chemical attn&> 
tion 1 What is that ^i^iicn Inakes the needle point towards the pole 7 How 
is electrical attraction excited 1 Give an eicample of cohesive attraction. 
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probably entirely wanting among elastic fluids, such as air, and 
the ^ses. 

Thus, a small iron wire will hold a suspended weight of 
many pounds, without having its particles separated ; the par- 
ticles of water are divided by a very small force, while those 
of air, are still more easily moved among each other. These 
different properties depend on the force of cohesion with which 
the several particles of these bodies are united. 

When the particles of fluids are left to arrange themselves 
according to the laws of attraction, the bodies which they com- 
pose assume the form of a globe or ball. 

Drops of water thrown on an oiled surface or on wax — glo- 
bules of mercury, — ^hail stones, — a drop of water adhering to 
the end of the finger, — tears running down the cheeks, and 
dew drops on the leaves of plants, are all examples of this law 
of attraction. The manufacture of shot is also a striking illus- 
tration. The lead is melted and poured into a sieve, at the 
height of about two hundred feet from the ground. The 
stream of lead immediately after leaving the sieve, separates 
into round globules, which, before they reach the ground, are 
cooled and becom» solid, and thus are formed the snot used by 
sportsmen. 

To account for the globular form in all these cases, we have 
only to consider that the particles of matter are mutually at- 
tracted towards a common centre, and in liquids being free to 
move, they arrange themselves accordingly. 

In all figures except the globe, or ball, some of the particles 
must be nearer the centre than others. But in a body that is 
perfectly round, every part of the outside is exactly at me same 
distance from the centre. 

Pig- !• Thus the comers of a cube, or square, are 

at much greater distances from the centre, 
than the sides, while the circumference oif 
\ a circle or ball is every where at the same 
\ distance from it This diflference is shown 
I by fig. 1, and it is quite obvious, that if the 
' particles of matter are equally attracted to- 
)( wards the common centre, and are free to 
arrange themselves, no other figure could 




In what substances is coheave attraction the strongest 1 In what sub- 
stances is it weakest 7 Why are the particles of fluids more easUy separated 
Ihan those of solids 1 
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possibly be formed, since then every part of the outside is 
equally attracted. 

The sun, earth, nfioon, and indeed all the heavenly bodies, 
^e illustrations of this law, and therefore were probably in so 
soft a state when first ibrmed, as to allow their particles freely 
to arrange themselves accordingly. 

Attraction offfravitation, — ^As the attraction of cohesion 
unites the particles of matter into masses or bodies, so the 
attraction of gravitation tends to force these masses towards 
each other, to form those of still greater dimensions. The 
term gravitation, does not here strictly refer to the weight of 
bodies, but to the attraction of the masses of matter towards 
each other, whether downwards, upwards, or horizontally. 

The attraction of giavitation is mutual, since all bodies not 
only attract other bodies, but are themselves attracted. 

Fig. 2l Two cannon balls, when suspended by long cords, 
so as to hang quite near each other, are found to 
exert a mutual attraction, so that neither of the 
cords is exactly perpendicular, but they approach 
each other, as in fig. 2. 

In the same manner, the heavenly bodies, 
when they approach each other, are drawn out of 
the line of their paths, or orbits, by mutual at- 
traction. 

The force of attraction increases in proportion 
as bodies approach each odier, and by the same 
law it must diminish in proportion as they recede 
from each other. 

Attraction, in technical language, is inversely 
as the squares of the distances between the two 
JL g ^ bodies. That is, in proportion as the square of 
9 V the distance increases, in the same proportion at- 
traction decreases, and so the contrary. • Thus, if at the dis- 
tance of 2 feet, the attraction be equal to 4 pounds, at the 

^^m^^^^mmm I > II ■ mt m M> i i ■■ i ■ ■■■ ■■■ i ■ a m ^ . . mmm ..I I — I ■ —w ■■i. M » ■! ■■■■■■■■ ■ — ■■■ M— I 

What form do fluids take, when their particles are left'to their own 
arrangement? Give examples of this law. How is the fflobular form 
which liquids assume, accounted for ? If the particles of a oody are free 
to move, and are equally attracted towards the centre, what must be its 
figure 1 Why must the figure be a globe 1 What ^teat natural bodies 
ar« examples of this law 7 What is meant by attraction of gravitation 1 
Can one body attract another without being itself attracted 1 How is it 
proved that bodies attract each other 7 Bywhat law, or rale, does the ftnw 
of attnction increase? 
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distance of 4 feet, it will be only 1 pound ; for the square of 2 is 
4, and the square of 4 is 16, which is 4 times the square of 2. 
On the contrary, if the attraction at the distance of 6 feet be 3 
pounds, at the distance of 2 feet it will be 9 times as much, or 
27 pounds, because 36, the square of 6, is equal to 9 times 4, 
the square of 2. 

The intensity of light is found to increase and diminish in 
the same proportion. Thus, if a board a foot square, be placed 
at the distance of one foot from a candle, it will be found to 
hide the light from another board of two feet square, at the 
distance of two feet from the candle. Now a board of two feet 
square is just four times as large as one of one foot square, 
and therefore the light at double the distance being spread 
over 4 times the surmce, has only one fourth the intensity. 

Fig. 3, This experiment 

may be easily tried, 
or may be readily 
understood by fig. 
3, where c repre- 
sents the candle, JT 
the small board, 
and B the large 
one ; B being four times the size of A, 

The force of the attraction of gravitation, is in proportion 
io the quantity of matter the attracting body contains. 

Some bodies of the same bulk contain a much greater quan- 
tity of matter than others : thus, a piece of lead contains about 
twelve times as. much matter as a piece of cork of the same 
dimensions, and therefore a ^iece of lead of any given size, 
and a piece of cork twelve times as large, will attract each 
other equally. 

Capillary Attraction. — ^The force by which small tub^s, or 
porous substances, raise liquids above their levels, is called 
capillary attraction. 

If a small glass tube be placed in water, the water on the 
inside will be raised abpve the level of that on the outside of 




Grive an example of this role. How is it shown that the Intensity of 
light increases and diminishes in the same proportion as the attraction of 
matter 1 Do bodies attract in proportion to bulk, or quantity of matter? 
What would be the difference of attraction between a cuMc inch of l€«d, 
and a cubic inch of cork 1 Whjjr would there be so much difference 1 
What is meatit by cap9iaiy attractioii 1 How is tU» kijid of attractioa il- 
lustrated with a glass tube 1 
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die tube. The cause of this seems to he nothmg more than 
tbe ordmaiy attraction of the particles of matter for each other. 
The sides of a small orifice are so near each other, as to at- 
tract the particles of the fluid on their opposite sides, and as 
^ attraction is strongest in the direction of the greatest quan- 
tity of matter, the water is raised upwards, or in the direction 
of the len^ of the tube. On the outside of the tube, the op- 
posite sunaces, it is obvious, cannot act on the same column 
of water, and therefore the influence of attraction is here hard- 
ly perceptible in raising the fluid. This seems to be the rea- 
son why the fluid rises higher on the inside than on ^e outside 
of the tube. ^ 

A great variety of porous substances are capable of this kind 
of attraction. If a piece of sponge or a lump of sugar be 
placed, so that its lowest comer touches the water, the fluid 
will rise up and wet the whole mass. In the same manner^ 
the wick of a lamp will carry up the oil to supply the flame, 
though the flame is several inches above the level of the oil. 
If the end of a towel happens to ^e left in a basin of water, it 
will empty the basin of its contents. And on the same princi- 
ple, when a dry wedge of wood is driven into the crevice of a 
rock, and afterwards moistened with water, as when the rain 
falls upon it, it will absorb the water, swell, and sometimes 
split the rock. In Germany, mill-stone quarries are worked in 
this manner. 

Chemical attraction takes place between the particles of 
substances of diflerent kinds, and unites them into one com- 
pound. 

This species of attraction takes place only between the 
particles of certain substances, and is not, therefore, a univer- 
sal property. It is also known under the name of chemical 
ojffinity, because it is said, that the particles of substances hav- 
ing an affinity between them, will unite, while those having no 
affinity for each other do not readily enter into union. 

There seems, indeed, in this respect, to be very singular pre- 
ferences, and dislikes, existing among the particles of matter. 
Thus, if a piece of marble be thrown into sulphmic acid, 
their particles will unite with great rapidity, and commotion. 

Why does the water rise higher in the tube^ than it does on the outside 1 
Grive some cfjmnxm illustrations of this principle. What is tiie eflfect of 
chemical attraction % By whit other name is this kind of attraction known 1 
What effect is produced when marble and sulphuric add are biought to- 
getherl 
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and there will result a compound difiering in all respects from 
the acid or the marble. But if a piece of glass, quartz, gold» 
or silver, be thrown into the acid, no change is produced on 
either, because their particles have no affinity. 

Sulphur and quicksilver, when heated together, will form a 
beautiful red compound, known under the name of vermilion^ 
and which has none of the qualities of sulphur or quicksilver. 

Oil and water have no affinity for each other, but potash 
has an attraction for both, and therefore oil and water will 
unite when potash is mixed with them. In this manner, the 
well known article called soap is formed. But the potash has 
a stronger attraction for an acid than it has for either the oil 
or the water ; and therefore when soap is mixed with an acid, 
the potash leaves the oil, and utiites with the acid, thus de- 
stroying the old compound, and at the same instant forming a 
new one. The same happens when soap is dissolved in any 
water containing an acid, as the water of the sea, and of cer- 
tain wells. The potash forsakes the oil, and unites with the 
acid, thus leaving the oil to rise to the surface of the water. 
Such waters are called Jiardj and will not wash, because the 
acid renders the potash ti neuUtil substance. 

Magnetic Attraction. — ^There is a certain ore of iron, a 
piece of which, being suspended by a thread, will always 
turn one of its sides to the north. This is called the loadr 
stone, or nutural Magnet, and when it is brought near a piece 
of iron, or steel, a mutual attraction takes place, and under 
certain circumstances, the two bodies will come together and 
adhere to each other. This is called Magnetic Attra^ction, 
When a piece of steel or iron is rubbed with a Magnet, the 
same virtue is communicated to the steel, and it will attract 
other pieces of steel, and if suspended by a string, one of its 
ends will constantly point towards the north, while the other, 
of course, points towards the south. This is called an artificial 
Magnet. The magnetic needle is a piece of steel, first touched 
with the loadstone, and then suspended, so as to turn easily 

' What is the effect when ^lass and this add are brought together 1 
What is the reason of this difference? How may ml and water he made 
to unite? What is the composition thus formed called 7 How does an acid 
destroy this compound 1 What is the reason that hard water will not 
washl What is a natural inagnetl What is meant by mag^Mtk attno- 
tionl What lAJOi artificial mainetl What is a magnetic ne^dfel 
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on a ^oint By means of this instrument, the marineuuidefl 
his smp through the pathless ocean. See Maffnetisv^^^ 

Electrical Attraction.^-Vflien a piece of glass, oraHung 
wax, is rubbed with the dry hand, or a piece of cloth, and ^en 
held towards any Hght substance, such as hair, or thread, the 
light body will be attracted by it, and will adhere for a mo- 
ment to the glass or wax. The influence which thus moves 
the light body is called Electrical Attraction. When the light 
body nas adhered to the surface of the glass for a moment, it is 
again thrown ofl^ or repelled, and this is called Electrical Re* 
pulsion. See Electricity. 

We have thus described and illustrated all the universal or 
inherent properties of bodies, and have also noticed the seve- 
ral kinds of attraction which are peculiar, namely, Chemical, 
Magnetic, and Electrical. There are still several properties 
to be mentioned. Some of them belong to certain bodies in a 
peculiar degree, while other bodies possess them but slightly. 
Others beloi^ exclusively to certain substances, and not at all 
to others. These properties are as follows. 

Density. — This property relates to the compactness of bo- 
dies, or the number of particles which a body contains within 
a given bulk. It is closenri^s of texture, fiodies which ar^ 
most dense, are those which contain the least number of pores. 
Hence the density of the rnetals is much greater than the 
density of wood. Two bodies being of equal bulk, that which 
weighs most, is most diense. Some of the metals may 
have this quality increased by hammering, by which their 
pores are filled up and their particles are Drought nearer to 
each other. The density of air is increased by forcing more 
into a close vessel than it naturally contained. 

Rarity. — ^This is the quality opposite to density, and means 
that the substance to which it is applied is porous, and light. 
Thus air, water, and ether, are rare substances, while gold, 
lead, and platina, are dense bodies. 

Hardness. — ^This property is not in proportion, as might 
be expected, to the density of the substance, but to the force 
with which the particles of a body cohere, or keep their 



What 18 its use 7 |What is meant by electrical attraction t What is 
electrical repulsion? What is density? What bodies are most dense 1 
How may this quality be increased in the metals? What is rarity?^ 
What aie rare bodies? Whatare dense bodies? How does haxdneis dif- 
fer ftom density? 
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plac^k Glass, for instance, will seratch gold or platm&, though 
the^Hptals are much more dense than glass. It is probable, 
"A^Kre, that these metals contain the greatest number of par- 
ticles, but that those of the glass are more firmly fixed in tneir 
places. 

Some of the metals can be made hard or soft at pleasure. 
Thus steel when heated, and then suddenly cooled, becomes 
harder than glass, while if allowed to cool slowly, it is soil 
and flexible. 

Elasticity is that property in bodies by which, after being 
forcibly compressed or bent, they regain their original state 
when the force is removed. 

Some substances are highly elastic, while others want this 
property entirely. The separation of two bodies after impact, 
OF striking togeuier, is a proof that one or both are elastic. 
In general, most hard ana dense bodies, possess this quality 
in greater or less d^f ree. Ivory, glass, marble, flint, and ice, 
are elastic solids. An ivory ball, £'opped upon a marble slab, 
will bound nearly to the neight from which it fell, and no 
mark will be left on either. India rubber is exceedingly elas- 
tic, and on being thrown forcibly against a hard body, will 
bound to an amazing distance. 

Putty, dough, and wet clin^, are examples of the entire want 
of elasticity^ and if either of tfiese be thrown against an impe- 
diment, they will be flattened, stick to the place they touch, 
and never, like elastic bodies, regain their former shapes. 

Among fluids, water, oil, and in general all such substances 
as are denominated liquids, are nearly inelastic, while air and 
the gaseous fluids, are the most elastic of all bodies. 

ffrittleness is the property which renders substances easily 
broken, or separated into irregular fragments. This property 
belongs chiefly to hard bodies. 

It does not appear that brittleness is entirely opposed to 
eltisticity, since in many substances, both these properties are 
united. Glass is the standard, or t3rpe of brittleness, and yet 



Why will glass scratch gold or platina % What metal can he made hard 
or soft at pleasure 7 What is meant by elasticity? How is it known that 
bodies ix>s8ess this property 1 ^ Mention several elastic solids. Give exam- 
ples of inelastic solids. Do liqiuds possess this property'? What are the 
most elastic of all substances 1 Wluit is brittleness i Are brittleness and 
«la«lKity ever fitood in the same substancel Give examples. 
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a bftUt or fine threads of thia substance are hiffhly elasljfSi as 
may be seen by the bounding of the one, and the springing 
of me other, wittleness often results from the treatment to 
which substances are submitted. Iron, steel, brass, and cop- 
per, become brittle when heated and suddenly cooled, but if 
cooled slowly, they are not easily broken. 

Malledbihty, — Capability of being drawn under the ham- 
mer, or rolling press. This property belongs to some of the 
metals, but not to all, and is of vast importance to the arts 
and conTeniences of life. 

The Malleable metals are, gold, silver, iron, copper, and 
some others. Antimony, bismuth, and cobalt, are bnttle me- 
tals. Brittleness is therefore the opposite of malleability. 

Gold is the most malleable of all substances. It may be 
drawn under the hammer so thin that light may be seen 
through it. Copper and silver are also exceedingly malle- 
able. 

Ductility^ is that property in substances which renders them 
susceptible of being drawn into wire. 

We should expect that the most malleable metals would also 
be the niost ductile ; but experiment proves that this is not the 
case. Thus, tin and lead may be drawn into thin leaves, but 
cannot be drawn into small wire. Gold is the most malleable 
of all the metals, but platina is the most ductile. Dr. WoUas- 
ton drew platina into threads not much larger than a spider's 
web. 

Tenacity^ in common language called toughness, refers to 
the force of cohesion among the particles of bodies. Tena- 
cious bodies are not easily pulled apart. There is a remark- 
able difference in the tenacity of different substances. Some 
possess this property in a surprising degree, while others are 
torn asunder by the smallest force. 

Among the malleable metals, iron and steel are the most 
tenacious, while lead is the least so. Steel is by far the most 
tenacious of all kiiown substances. A wire of this metal 
no larger than the hundredth part of an inch in diameter 
sustained a weight of 134 pounds, while a wire of platina of 

How are iion, steel, and brass, made brittle % What does malleabilitr 
meanl What metals are malleable, and what ones are brittle'} Which 
'u the most malleable metal 1 What is meant by ductility 1 Are the most 
malleable metals, the most doctile 1 What is meant by tenacity 1 From 
what does this property arise? What metals axe mort tenacbusl 
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the same size, would sustain a weight of ovly 16 pounds, and 
one of lead only 2 pounds. Steel wire will sustain 39,000 
feet of its own length without breaking. 

RecapittUation, — The common, or essential properties of 
bodies are, Impenetrability, Extension, Figure, Divisibility, 
Inertia, and Attraction. Attraction is of several kinds, name- 
ly, Attraction of cohesion. Attraction of gravitation, Capillary 
attraction. Chemical attraction. Magnetic attraction, ana Elec- 
trical attraction. 

Thepeculiar properties of bodies are, Densit3r, Rarity, Hard- 
ness, Elasticity, Brittleness, Malleability, DuctUity, and Tena- 
city. 

Force of Gravity. 

The force by which bodies are drawn towards each other 
in the mass, and by which they descend towards the earth 
when suspended or let fall from a height, is called the force 
of gravity. 

The attraction which the earth exerts on all bodies near its 
surface, is called terrestrial gravity^ and the force with which 
any substance is drawn downwards, is called its weight. 

All falling bodies tend downwards towards the centre of the 
earth, in a straight line from the point where they are let fall. 
If then a body be let &11 in any part of the world, the line of 
its direction will be perpendicular to the earth's surface. It 
follows, therefore, that two falling bodies, on opposite parts 
of the earth, mutually fall towards each other. 

Suppose a cannon ball to be disengaged from a height op- 
posite to us, on the other side of the earth, its motion in re- 
spect to us, would be upward, while the downward motion 
from where we stand, would be upward in respect to those 
who stand opposite to us, on the other side of the earth. 

In like manner, if the falling body be a quarter, instead of 
half the distance round the earth from us, its line of direction 
would be directly across, or at right angles with the line al- 
ready supposed. 



What proportion does the tenacity of gteel beax to thai of {datma and 
I lead 7 What are the einential properties of bodies 1 How many kinds of 

! attraction are there? What are the peculiarproperties of bodies 7 What 

is gravity 1 What is terrestrial gravity 1 To what point in the earth do 
falTing bodies tend 1 In what direction will two filling bodies from opposite 
I parts of the earth tend, in respect to each other? In what direction will 

I one from half way between them meet their line 1 
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This will be readily under- 
stood by fig. 4, where tht 
circle is supposed to be the 
circumference of the earth, 
a, the ball falling towards its 
upper surface, where we 
stand; 5, a ball falling to- 
wards the opposite side of the 
^ jf earth, but ascending in re- 
spect to us, and d, a ball de- 
scending at the distance of a 
Suarter of the circle, from 
le other two, and crossing 
the line of their direction at 
ri^t angles. 

It will be obvious, there- 
fore, that what we call up and 

down are merely relative terms, and that what is down in re- 
spect to us, is up in respect to those who live on the opposite 
side of the earUi, and so the contrary. Consequently dovm, 
every where means towards the centre of the earth, and up 
from the centre of the earth; because all bodies descend 
towards the earth's centre, from whatever part they are let 
^1. This will be apparent when we consider, that as the earth 
turns over every 24 hours, we are carried with it through 
the points a, d, and &, fig. 4 ; and therefore, if a ball is sup- 
posed to fall from the pomt a, say at 12 o'clock, and the same 
ball to fall again from the same point above the earth, at 6 
o'clock, the two lines of direction will be at right angles, as re- 
presented in the figure, for that part of the earth which was 
under a at 12 o'clock, will be under d at 6 o'clock, the earth 
having in that time performed one quarter of its daily revolu- 
tion. At 12 o'clock at night, if the ball be supposed to fall 
again, its line of direction will be at right angles with that of 
its last descent, and consequently it will ascend in respect to the 
point on which it fell 12 hours before, because the earth would 



How is this shown by th? figure 1 Are the terms up and dUnfn relative, 
or positive, in their meaning 1 What is understood by down in any part 
of the earth T Suppose a ball be let M at 13 and then at 6 o'clock, in what 
direetion would the lines of their descent meet each other 1 Suppose two 
balls to descend fiom opposite sides of the earth, what would be their diveo* 
tion in respect to each other 1 

3 
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have then gone through one half her daily rotation, and the 
point a would be at 6. 

The velocity or rapidity of every falling body, is uniformly 
accelerated, or increased in its approach towards the earth, 
from whatever height it falls. ' 

If a rock is rolled from a steep mountain, its motion is at 
first slow and gentle, but as it proceeds downward, it moves 
with perpetually increased velocity, seeming to gather fresh 
speed every moment, until its force is such that everv obstacle 
is overcome ; trees and rocks are beat from its path, and its 
motion does not cease until it has rolled to a great distance on 
the plain. ^ 

The same principle of increased velocity as bodies descend 
from a height, is curiously illustrated by pouring molasses or 
thick syrup from an elevation to the ground. The bulky 
stream, of perhaps two inches in diameter, where it leaves the 
vessel, as it descends, is reduced to the size of a straw, or 
knitting needle ; but what it wants in bulk is made up in ve- 
locity, for the small stream at the ground, will fill a vessel 
just as soon as the large one at the outlet. 

For the same reason, a man may leap from a chair without 
danger, but if he jumps from the house top, his velocity be- 
comes so much increased, before he reaches the ground, as to 
endanger his life by the blow. 

It is found by experiment, that the motion of a falling body 
is increased, or accelerated in regular mathematical propor- 
tions. 

These increased proportions do not depend on the increased 
weight of the body, because it approaches nearer the centre of 
the earth, but on tne constant operation of the force of gravity, 
which perpetually gives new impulses to the falling body, and 
increases its velocity. 

It has been ascertained by experiment, that a body, falling 
freely, and without resistance, passes through a space of Id 
feet and 1 inch during the i&rst second of time. Leaving out 
the inch, which is not necessary for our present purpose, the 
ratio of descent is as follows. 

Suppose the body falls through a space equal to 16 feet the 

What is said conceming the motions oi falling bodies 1 How is this ii^ 
creased velocity illustrated 7 Why is there any more danger in jumping 
from the house top than fiom a cludr 1 What number of feet does a fauing 
body pass through during the first second 1 
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first second of time ; at the end of this space and time, it will 
have acquired st^ a degree of celerity as is sufficient to carry 
it through twice this space during the next second, though it 
should then receive no new impiuse from the cause by which 
its motion had been accelerated ; but if the same accelerating 
cause continue, it will cany the body 16 feet further ; on 
which account, it will have mllen in all four times 16 feet, or 
64 feet at the end of the second second ; and then it will have 
acquired such a degree of celerity as is sufficient to carry it 
through a double space in as mucn more time ; that is 4 times 
16 feet in one second more, even though the force of gravity 
or the accelerating force should cease to act. But this force 
still continuing to act in a uniform manner, it will again in 
equal time produce an equal effect, and will therefore add 16 
feet to the velocity already acquired, at the end of the second 
second, which bemg 64 feet, it will fall 80 feet, or five time» 
as £atr the thircl second, as it did the first. In three seconds, 
the velocity acquired will be 3 times that acquired at the end 
of the first second, which being twice 16 feet, is equal to 6 
times 16 feet, to which, a^in, is to be added the accelerating 
force 16 feet, making 7 times 16 feet for the space passed 
through during the fourth second. 

Hence we learn that if a body moves at the rate of 16 feet 
during the first second, it will move 48 feet during the next 
second, making in all 64 feet at the end of the second second, 
5 times 16 dunng the third, or 80 feet, and 7 times 16, or 112 
feet, in the 4th second, and so on in this proportion. 

Thus it appears, that to ascertain the velocity with which a 
body falls in any given time, we must know how many feet it 
/ell during the first second. The velocity acquired in one 
second, and the space fallen through dunnff that time, being 
the fundamental elements of the whole calculation, and all that 
are necessary for the computation of the various circumstances 
of fallin? bodies. 

The mfficulty of calculating exactly the velocity of a &lling 
body from an actual measurement of its height, and the time 



How ikr does it fall during the next second ? How fiur during the third \ 
Suppose the acceleratinjg force should cease at the beginning of the third se- 
cond ; how far would it fall during that second? Why does it fidl more 
than this during that second 1 How many times 16 feet does a bod;^ move 
in the 4th second 1 What are the fundamental elements by which thit 
velocity of a falling body may be computed 1 
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which it takes to reach the ground, is so great, that no aceuT 
rate computation could be made from such ari> experiment. 

This difficulty has, however, been overcome by a curious 

piece of machinery, invented for this purpose by Mr. Atwood. 

Fig. 5. This machine consists of two 

upright posts of wood, fig. 5 with 
cross pieces, as shown in the fig- 
ure. The weights A and jB, are 
of the same size, and made to ba- 
lance each other very exactly, 
and are connected by the thread 
which passes over the wheel C 
F is a ring through which the 
weight A passes, and G is a sta^e 
on which the weight rests in its 
descent. The ring and stage 
*both slide up and down, and are 
fixed at pleasure by thumb 
screws. The post H, is a 
graduated scale, and the pendu«> 
fum jK, is kept in motion by clock- 
work. L, is a smaU bar of me^ 
tal, weighing a quarter of an 
ounce, and longer than the di- 
ameter of the ring JP. 

When the machine is to be 
used, the weight A is drawn up to 
the top of the scale, and the nng 
and stage are placed a certain 
number of inches from each other. 
The small bar L, is then placed 
across the weight A, by means of 
which it is made slowly to de- 
scend. When it has descended to the ring, the small weight 
X<, is taken ofif by the ring, and thus the two weights are left equal 
to each other. Now it must be observed, that the motion, 
and descent of the weight A is entirely owing to the gravi- 
tating force of the weight L, until it arrives at the ring JP, 
when the action of gravity is suspended, and the large weight 




Is the velocity of a fiiUing body calculated firom actual measurement, or by 
a machined I>e8cribe the operation of Mr. Atwood*8 machine for estima- 
ting the velocities of fiilUng bodies. 



GRAVITY. 29 

continues to more downwards to the stage, in consequence of 
the velocity it had acquired previously to that time. 

To comprehend the accuracy of this machine, it must be 
understood that the velocities of gravitating bodies are sup- 
posed to be equal, whether they are large or small, this being 
the case when no calculation is made for the resistance of the 
air. Gonsequentlv, the weight of a quarter of an ounce placed 
on the large weight il, is a representative of all other solid 
descending bodies. The slowness of its descent, when com- 
pared with freely gravitating bodies, is only a convenience by 
which its motion can be accurately measured, for it is the in^ 
crease of velocity which the machine is designed to ascertain 
and not the €LCtual velocity of &lling bodies. 

Now it will be readily comprehended, that in this respect, 
it makes no difference how slowly a body falls, provided it 
follows the same laws as other descending bodies, and it has 
already been stated, that all estimates on this subject are made 
from the known distance a body descends during the first se- 
cond of time. 

It follows, therefore, that if it can be ascertained, exactly 
how much &ster a body falls during the third, fourth, or fifth 
second, than it did during the first second, by knowing 
how far it fell during the first second, we should be able to 
estimate the distance it would fall during all succeeding 
seconds. 

If^ then, by means of a pendulum beating seconds, the 
weight A should be found to descend a certain number of 
inches during the first second, and another certain number 
during the next second, and so on, the ratio of increased de- 
scent would be precisely ascertained, and could be easily ap- 
plied to the falling of other bodies ; and this is the use to whish 
this instrument is applied. 

By this machine, it can also be ascertained, how much the 
actual velocity of a falling body depends on the force of gravi- 
ty, and how much on acquired velocity, for the force of gravity 
gives motion to the descending weight only until it arrives at 



Afterthe anaH weight is taken off by the ring why does the large weight 
oonttnae to dbscend 1 Does this machme show the actual velocity of a &U- 
ing body, or only its increasel How does Mr. Atwood's macLine show 
how much the celerity of a body depends upon- gravity, and how much on 
aoqoixed velocity 1 
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the ring, after which the motion is continued by the velocity 
it had before acquired. 

Fronr experiments accurately made with this machine, it has 
been fplly establbhed, that if the time of a falling body be di- 
vided into equal parts, say into seconds, the spaces through 
which it falls in each second, taken separately, will be as the 
odd numbers, 1, 3, 5, 7, 9, and so on, as already stated. To 
make this plain, suppose the times occupied by the falling body 
to be 1, 2, 3, and 4 seconds ; then the spaces faUen tmrougn 
will be as the squares of these seconds, or times, viz. 1, 4, 9, 
and 16, the square of 1 being 1, the square of 2 being 4, the 
square of 3, 9, and so on. The distance fallen through, there* 
fore, during the second second, may be found, by taking 1, 
the distance corresponding to one second, from 4, the distance 
corresponding to 2 seconds, and is therefore 3. For the 3d 
second, take 4 from 9, and therefore the distance will be 5. 
For the fourth second, take 9 from 16, and the distance will 
be 7, and so on. During the first second, then, the body falls 
a certain distance, during the next second, it falls three times 
that distance, during the third, five times that distance, during 
the fourth, seven times that distance, and so continually inUiat 
proportion. 

It y/nW be readily conceived, that solid bodies falling from 
great heights, must ultimately acquire an amazing velocity 
by this proportion of increase. An ounce ball of lead, let 
fall from a certain height towards the earth, would thus 
acquire a force ten or twenty times as great as when shot 
out of a rifle. By actual calculation, it has been found that 
were the moon to lose her projectile force, which counter- 
balances the earth's attraction, she would fall to the earth 
in four days and twenty hours, a distance of 240,000 miles. 
And were the earth's projectile force destroyed, it would fall 
to the sun in sixty-four days and ten hours, a distance of 
95,000,000 of miles. 

Every one knows by his own experience the different 



Suppose the times of a falling body are as the numbers 1, 3, 3, 4, what 
will be the numbers representing the spaces throug[h which it &lls 1 Suppose 
a body falls 16 feet tne first second, bow fiur will it fall the third second 1 
Would it be possible for a rifle ball to acquire a greater force by falling, than 
if shot fh>m a rifle? How long would it take the Moon to come to the 
earth according to the law of increased velocity 1 How long would it takt 
the earth to rail to the suni 
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eBbcts of the same body faUing from a sreat or a small 
heiffht. A boy will toss up his leaden bullet and catch it 
with his hand, but he soon learns, by its painful effects, not to 
throw it too high. Th6 effects of hail-stones on window 
glass, animals, and vegetation, are oflen surprising, akid 
sometimes calamitous illustrations of the velocity of falling 
bodies. 

It has been already stated that the velocities of solid bodies 
felling from a given height, towards the earth, are equal, or in 
other words, that an x>unce ball of lead will descend in the 
same time as a pound ball of lead. 

This is true in theoir, but there is a slight difference in 
this respect in favor of the velocity of the larger body, owing 
to the resistance of the atmosphere. We, however, shall at 
present consider all solids of whatever size, as descending 
through the same spaces in the same times, this being exactly 
true when they passwithout resistance. 

To comprehend the reason of this we have only to con* 
sider, that the attraction of gravitation in acting on a mass 
of matter acts on every particle it contains ; and thus every 
particle is drawn down equally and with the same force. The 
effect of gravity, therefore, is in exact proportion to the quan- 
tity of matter the mass contains, and not m proportion to its 
bmk. A ball of lead of a foot in diameter, and one of wood 
of the same diameter, are obviously of the same bulk ; but the 
lead will contain twelve particles of matter where the wood 
contains one, and consequently will be attracted with twelve 
times the force, and therefore will weigh twelve times as 
much. 

If then, bodies attract each other in proportion to the quan- 
tities of matter they contain, it follows that if the mass of the 
earth were doubled, the weights of all bodies on its surface 
would also be doubled ; ana if its quantity of matter were 
tripled, all bodies would weigh three times as much as they 
do at present. 

it follows also, tiiat two attracting bodies, when free to 
move, must approach ^ch other mutually. If the two bodies 

What familiar illustrations are given of tlie foroe acquired by the veloci- 
ty of fiiUing bodies 1 Will a smaS and a large body fsdl through the mnm 
space in the same time t On what parts of a mass of matter does the fbioe 
of gravity acti Is the effect of gravity in proportion to bulk, or quantity of 
matter 7 Were the mass of the eaith doubled, how much more should WB 
weigh than we do now 1 



82 GRAVITY. 

contain like quantities of matter, their approach will be equal- 
ly rapid, and they will move equal distances towards each 
other. But if the one be small and the other large, the small 
one will approach the other with a rapidity proportioned to the 
less quantity of matter it contains. 

It is easy to conceive, that if a man in one boat pulls at a 
rope attached to another boat, the two boats, if of the same 
size, will move towards each other at the same rate ; but if the 
one be lar^e and the other small, the rapidity with which each 
moves will be in proportion to its size, the large one moving 
with as much less velocity as its size is greater. 

A man in a boat pulling a rope attached to a ship, seems 
only to move the boat, but that he really moves the ship is cer- 
tain, when it is considered, that a thousand boats pulling in the 
same manner would make the ship meet them half way. 

It appears, therefore, that an equal force acting on bodies 
containing different quantities of matter, move them with dif- 
ferent velocities, and that these velocities are in an inverse pro- 
portion to their quantities of matter. 

- In respect to equal farces^ it is obvious that in the case of 
the ship and single boat, they were moved towards each other 
by the same force, that is, the force of a man pulling by a rope, 
"tlie same principle holds in respect to attraction, for all bodies 
attract eacn other equally, according to the quantities of mat- 
ter they contain, and since all attraction is mutual, no bod^ 
attracts another with a greater force than that by which it is 
attracted. 

Suppose a body to be placed at a distance from the earth 
weighing two hundred pounds ; the earth would then attract 
the body with a force equal to two hundred pounds, and the 
body would attract the earth with an equal force, otherwise 
their attraction would not be equaLand mutual. Another body 
weighing 10 pounds, would be attracted with a force equal 
to 10 pounds, and so of all bodies according to the quantity of 

Suppose one body moving towarda another, tfaiee times as laigOj by the 
fi>ioe of gravity, what would be their proportional velocities 1 How is this 
illostrated 1 Does a large body attract a small one with any more force than 
it is attracted 7 Suppose a body weighing 200 pounds to be placed at a dis- 
tance from the earth, with how much force does the earth attract the body 1 
WHh what force does the body attract the eaith 1 
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matter they contain ; each body being attracted by the eartl^ 
with a force equal to its own weight, and attracting the earth 
with an equal force. 

If the man in the boat pulled the rope with the force of 100 
pounds, it is plain that the force on each vessel would be 60 
pounds ; for suppose each end of the rope to be thrown over 
a pulley, and a weight of 50 pounds attached to these ends, it 
would take just 100 pounds in the middle of the rope to baLmce 
them. 

It is inferred from these principles, that all attracting bodies 
which are free to move, mutually approach each other, and 
therefore that the earth moves towards every body which is 
raised from its surface, with a velocity and to a distance pro- 
portional to the quantity of matter thus elevated from its sur- 
face. But the velocity of the earth being as many times less 
than that of the falling body as its mass is greater, it follows 
that its motion is not perceptible to us. 

The following calculation will show what an immense mass 
of matter it would take, to disturb tbe earth's gravity in a per- 
ceptible manner. 

If a ball of earth equal in diameter to the tenth part of a mile, 
Were placed at the distance of the tenth part of a mile from the 
•earth's surface, the attracting powers of the two bodies would 
be iiwthe ratio of about 512 millions of millions to one. For 
the earth's diameter being about 8000 miles, the two bodies 
would bear to each other about this proportion. Consequent- 
ly if the tenth part of a mile were divided into 512 million of 
millions of equal parts, one of these parts would be nearly the 
space through which the earth would move towards the f&Uinff 
body. Now in the tenth part of a mile there are about 6400 
inches, consequently this number must be divided into 512 mU- 
lions of millions of parts, which would give the eighty thou- 
sand millionth part of an inch through wnich the earth would 
move to meet a body of the tenth part of a mile in diameter. 



Suppose a man in one boat, pulls with the force of 100 pounds ata lO]^ 
&stened to another boat, what would be the force on each boati How is 
this illustrated 1 Suppose the body fiUls towards the earth, is the earth set 
in motion by its attraction i Way is not the earth's motion towards it 
neroeptible 7 What distance would a body, the tenth part of a mile in 
^amkety placed at the distance of a tenth pc^ of a mile, attract the earth to- 
wards it 1 
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Ascent of Bodies, 
Having now explained and illustrated the influence of 
gravity on bodies moving downward and horizontally, it 
remains to show how matter is influenced by the same power 
when bodies are moved upward, or contrary to the force of 
gravity. 

What has been stated in respect to the velocity of falling 
Fig. 6b bodies is exactly reversed in respect to those which are 
thrown upwards, for as the motion of a falling body 
is increased by the action of gravity, so is it retarded 
by the same force, when thrown upwards. 

A bullet shot upwards, every instant loses a part of 
its velocity, until na\ing arrived at the highest point 
from whence it was thrown, it then returns again to the 
earth. 

The same law that governs a descending body, 
governs an ascending one, only that their motions are 
reversed. 

The same ratio is observed to whatever distance the 
ball is propelled, or as die height to which it is thrown 
may be estimated from the space it passes through dur- 
ing the flrst second, so its returning velocity is in a like 
ratio to the height to which it was sent. 

This will be understood by fig, 6. Suppose a ball 
to be propelled from the point a, with a force which 
would carry it to the point b in the flrst second, to c in 
the next, and to d in the third second. It would then 
remain nearly stationary for an instant, aiid in return^ 
ing, would pass through exactly the same spaces in the 
same times, only that its direction would be reversed. 
Thus it will fall from d to c, in tlie first second, to b in 
the next, and to a in the third. 

Now the force of a moving body is as its velocity and 
its quantity of matter, and hence the same ball will fall 
with exactly the same force that it rises. For instance, 
a ball shot out of a rifle, with a force sufficient to over- 
come a certain impediment, on returning, would again 
overcome the same impediment. 

a 

What effect does the force of gravity have on bodies moving upward? Are 
upward and downward motion governed by the same laws 7 Explain fig. 
6. What is the difference between the upward and returning velocity of the 
tame bodyl 
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FaU of Idght Bodies. 

It has been stated that the earth's attraction acts equally 
on all bodies, containing equal quantities of matter, and that 
in vacuo, all foodies, whether large or small, descend from the 
same heights in the same times. 

There is, however, a great difference in the quantities of 
matter which bodies of the same bulk contain, and conse- 
quently a difference, in the resistance which they meet with 
in passing through the air. 

Now, tne fall of a body containing a large quantity of matter 
in a small bulk, meets with little comparative resistance, while 
the &11 of another, containing the same quantity of matter, 
but of larger size, meets with more in comparison, for it is 
easy to see that two bodies of the same size meet with ex- 
actly the same actual resistance. Thus, if we let fall a ball 
of lead, and another of cork, of two inches in diameter each, 
the lead will reach the ground before the cork, because, though 
meeting with the same resistance, the lead has the greatest 
power of overcoming it. 

This, however, does not affect the truth of the general law 
already established, that the weights of bodies are as the 
quantities of matter they contain. It only shows that the 
pressure of the atmosphere prevents bulky and porous sub- 
stances from falling with the same velocity with such a^ are 
compact or dense. 

Were the atmosphere removed, all bodies, whether light or 
heavy, large or small, would descend with the same velocity. 
TTiis feet has been ascertained by experiment in the following 
manner: 

The air pump is an instrument, by means, of which the 
air can be pumped out of a close vessel, as will be seen under 
the article rneumatics. Taking this for granted at present, 
the experiment is made in the following manner : 



Why will not a sack of feathers and a stone of the same size fall through 
the air in the same time 1 Does this affect the truth of the general law that 
the weights of bodies are as their quantities of matter 7 What would be 
the effect on the &!] of light and heavy bodies, were the atmosphere re- 
moved? 
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MOTION. 

Onlhe pkkte of the air pump A^ place the 
tall jar ^,^ which is open at the bottom, and 
has a brass cover fitted closely to the top. 
Through the cover let a wire pass, air tight, 
having a small cross at the lower end. On 
each side of this cross, place a little sta^e, 
and so contrive them tnat by turning the 
wire by the handle C, these stages shall be 
upset. On one of the stages place a guinea 
or any other heavy body, ana on the other 
place a feather. When this is arranged, let 
the air be exhausted from the jar by the 
pump, and then turn the handle C, so that the 
guinea and feather may fall from their 
places, and it will be found that they will 
both strike the plate at the same instant. 
Thus is it demonstrated, that were it not for 
the resistance of the atmosphere, a bag of 
feathers and one of ^ineas would fall from 
a given height with me same velocity and in 
the same time. 



Motion. 

Motion may be defined, a continued change of place with 
regard to a fixed point. 

Without motion there would be no rising or setting of the 
sun^-no change of seasons — ^no fall of ram — no building of 
houses, and finally no animal life. Nothing can be done with- 
out motion, and therefore without it, the whole universe would 
be at rest and dead. 

In the language of philosophy, the power which puts a body 
in motion, is called /prce. Thus it is the force of gravity that 
overcomes the inertia of bodies, and draws them towards the 
earth. The force of water and steam gives motion to machi- 
nery, dtc 

For the sake of convenience, and accuracy in the applica- 
tion of terms, motion is divided into two kinds, viz. ahsolvie 
and relative. 

How is it proved that a feather and a guinea will fall through equal 
roaces in tiie same time, where there is no resistance 1 How will you de- 
fine motion? What would be the consequence, were all motion to cease? 
What is that power called which puts a body in motion 1 How is motion 
divided 1 
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Absolute motion is a^ha^ge ofpiace with regard to a fixed 
point, and is estimated ^without- reference to the motion of any 
olher body* Wheji a man rides along the street, or wh^i a 
vessel sails thtougb lihe water, they are bo:th in absolute 
motion* 

Relative motion, is a change of place in a body, with respeet 
to another body, also m motion, and is estimated .from that 
other body, exactly as absolute motion is, from a fixed- point 

Tlie absolute velocity of the earth in its orbit from west to 
east, is 68,000 miles in an hotu* ; that of Mars, in the same di- 
rection, is 55,0()0 miles per hour. The earth^s relative velocity 
in this case, is 13,000 miles per hour from west to east Tha( 
of Mars comparatively, is 13,000 miles from east to west, be- 
cause the earth leaves Mars that distance behind her, as she 
would leave a fixed point 

Resty in the common meaning of liie tera^, is the opposite of 
motion, but it is oltvious, that rest i& often a relative teem, since 
an object may be perfectly at rest with respect to some things, 
and in rapid motion in respect to others. . Thus a man sitting 
on the deck of a steam-boat, may move at the rate of fifteen 
miles an hour, with respect to the land, and stQl be at rest 
with respect to ^be boat.. And so, if another man was running 
on the deck of the same boat at the rate of fifteen miles the 
hour in a contrary direction, he would be stationary in respect 
to a fixed point, and still be running with all his might, wi^ 
respect to the boat. 

Veloeity cf Motion. 

Velocity is the rate of motion at which a body moves from 
one place to anotfler. « 

Velocity is independent of the weight or nia^itude of the 
moving body. Thus a cannon ball and a musket ball, both 
ftying at the rate of a thousand feet inaseccmd, have the same 
velocities. 

Velocity is said to be vniform, when the moving body pass^ 
es over equal Spaces in eq^ times. - If a steam-boat moves at 
the rate of 10 miles every hour, her velocity is uniform. The 
revolution of ^e earth from west to east is a perpetual exam- 
ple of uniform motion. 

What is ftbsolilte motion'} What is lelative modem'? What is the 
Mith*8 lelattvo veiocity in fespeet to Mars 7 In what respect is a man in a 
iteam-boat at tegt, and in what Kspeet does he move % What is V^loeitjT 
When is velodty antfonoil 
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' ¥df0eU7 if deeeleruteit whien the Tate of motion is constant- 
ly increaaed, and Uie moiring bpdy passes through im^uiil 
^)»ee0 in equal timest Thus, when a falling body moves, sofi* 
teen feet during the first second, and forty-eight feetdwing 
the next second, and so on, its velocity is accelerated. A body 
lUling from a height freely through the air, is the mOst perfect 
eacample of this kind of velocity. 

Rotarded velocity, is when the rate of motion of the body ia 
constantly decreased, and it is made to move slower and slow- 
er. A ball thrbwn upwards into the air, has its velocity con- 
stantly, retarded, by the, attraction .of gravitation, and conse- 
quently, it moves slower every moment. 

fbrce, or Momentum of Moving Bodies, ^ 

The velocities of bodies are equal, when they pass over 
equal spaces in the same time ; but the force with which bo- 
dies, moving at the same rate, overcome ijpipediments, is in 
proportion to the quantify of matter they contain. This po w- 
ejB, or force, is called the momentum of the moving body. 
\ Thus, if two bodies of the same weight move with the same 
velocity, their momenta will be equal. 

Two vessels, each of a hundred tons, sailing at the rate of 
six miles an hour, would overcome the same impediments, or 
be stopped by the same obstructions. Their momenta would 
therefore be the same. 

The force, or momentum of a moving body, is in proportion 
to its quantity of matter, and its velocity. 

A large body moving slowly, mayliave less nramentum than 
a small one moving rapidly. Thus, a bullet, shot out of a gun, 
moves with much greater force than a stoift thrown by the 
hand. The momentum of a body is found by multiplying its 
quantity of matter by its velocity. 

Thus, if the velocity be 2, and the weight 2, the momentum 
will be 4. If the velocity be 6 and the weight of the body 4» 
the momentum will be 24. - 

If a moving body strikes an impediment, the force with 
which it strikes, and the resistance of the impediment, aire 

equal. Thus,, if a -boy throw bis ball against tne side of the 

' " ■ — — — ' I • ' 

When 18 velocity accelerated ? Give illustrations of these two kinds of 
vekN^. ^ What is meant by retarded velocity 1 Give an example of retail- 
ed velocity. What is meant by the momentum of a body 1 When will the 
momenta of two bodies be equal 1 Give an example. When has a snudl 
body moie mdkneiitum than a Iaig« one t ■ By what rule is the momentum 
ofa body found? 
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bMM^ whh a« foree o(3, the hotue re^tfl R viA ks eqnal 
force, and the bsU rebomuls. If he throws it affalnit a pam 
of glass with the same force, the glass having only the poirer 
of 3 to reeifit, the baH wiD g-o through the glass, still retuning 
one Jhtrd of its force. 

FroiU observations macle on the efleots of bodies striking 
ea^ other, it la found tfiat action and re-ttc^on are eqnal ; or, 
motherworts, timt farce and resistance^ «Te equal, "jlins, 
when a moving body strikes one diat is at rest, the body at rest 
returns the blow with equ^ force. 

This is illustrated by the well known feet, ftat if twoper- 
•ona ■tiike their heads lorelher, one being in motion, and tiie 
other nt rest, they are bom equally hurt 

The philosophy of action and re-action is finely JUnstrated 
by a tuimber of ivory balls, siiq>eaded by threads, as in fig- 
Fif- 10. 10, so as to touch each«lh». If 

the ball a be drawn from the per- 
pendicular, and then let fall, ao 
as to strike the one next to it, the 
motion of the falling ball will be 
contmuoicated through the whole 
series, from one tg the other. 
Hone of ihe balls, except /, will 
however, appear to move. This 
will be understood, when we con- 
sider that the re-action of b, ie 
just equal to the action of a, and 
that each of (he other balls, in like 
manner, acts, and re-acta, on the 
other, until the motion of a arrives 
• ^t /, which, having no impedi- 

ment, or nothing to act upon, ia 
itself put in motion. It is, therefore, re-action, which causes 
aO the balls, except f, to remain at rest. 

It is by a modification of the same principle, that rockets 
are impelled tiirough the air. The stream of espanded air, or 
the fire which ia emitted from the lower end of the rocket, not 
ocJy prowls against tbe^ rocket itself, but against the atmo- 
q>henc air, which, re-acting against the air ao expanded, sends 
tte rocket along. ■ ^ 

WhM t> raoTioc body itrikes an impedimenl, wlidch receive the gnaleM 
■hickl What ii the tew ofictiantuid Inaction 1 How in this tDuMntedl 
Wlisn nw of Um i«aty balls (thkea tbe other, vby doei the mint distant 
<»eiial;DWTet On wbot principle uerocketi impelled Uuongti the aitl 
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It was on aceount of not undentandiiiff the piinci{^:of ae- 
tioil and r^^acdon, that, the mantmdertook to make a &iT wind 
for hb. pleasure boat to be used whenever he wished to sail. 
He fixed an immense bellows in the stem of his boat, not 
doubting but the wind from it would carry him along. But 
on making the experiment, he found that his boat went back- 
wards, instead of forwards. The reason il3 plain. The re- 
action of the atmosphere on the stream of wind from the bel- 
lows^ before it reacned the sail, moved the boat in a contrary 
direction. Had the sails received the whole force of the-wind 
from the bellows, the boat would not have moved at all, for 
then, action and re-action would have been exactly equal, and 
it would have been like a man's attempting to raise himself 
over a fence by the straps of his boot^ 

Reflected Motion. 

It has been stated that all bodies when once set in motion, 
would continue to move straight forward, until some impedi- 
ment, acting in a contrary direction, should bring them, to rest ; 
continued motion without impediment being a consequence of 
the inertia of matter. 

Such bodies are supposed^ to be acted upon by a single 
force, and that in the direction of the line in which they move. 
Thus, a ball sent out of a gun, or struck by a bat, Ibms neither 
to the right, nor left, but makes a curve towards the earth, in 
consequence of another force, which is the attraction of gra- 
vitation, and by which, together with the resistance of the at- 
mosphere, it is finally brought to the ground. 

Tne kind of motion now to be considered, is that which is 
produced when bodies are turned out of a straight line by some 
force, independent of gravity. 

A single force. Or impulse, sends the body directly forward, 
but another force, not exactly coinciding with this, will give it 
a new direction, and bend it out of its former course. 

It for instance, two moving bodies strike each other ob- 
liquely, they win both be thrown out of the line of their for- 
mer direction. This is called reflected motion, because, it 
observes the same laws as reflectedf light. 



In the experiment with the boat and hellows, why did .the boat move 
backwards 1 Why would it not have moved at all, had the aail received ail 
the vrind &om the bellows 7 Suppose a body is acted on, and set in mo^n by 
a single ibice^ in whatdirection will it move % What is the motion called^ 
when a body is tamed out of a straight line by another force t 
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The bounding of a ball; itib skipping of astope over ih^ 
smooUi sur&ce of a ;^ond ; and 1^ oSlfqvl^ direction of an 
apple, irhen it toadies a Bmb in ito £i]|, are examples of m^ 
fleeted motion. ' 

By experiments on this kind of motion, it is found, that 
movmg bodies observe certain laws, in respect to the direc- 
tion they take in rebounding from any impediment they hap- 
pen to strike. Thus, a' ball, striking on the floor, or wall of 
a room, makes the same angle in leaving the point where it 
strikes, that it does in approaching it. 

Fig.U. . Supposes, &,fiff. 11, 

to be a marble shub, or 
floor, and c to be an 
ivory ball, vt^hicfa has 
been thrown towards the 
floor in the direction of 
Jf the line c, e Mt will re- 
. ^ bound in the direction 

of the line e, ^ thus makipg' the two angles / and g exactly 
equal. 

If the ball approached the floor under a larger or smaller 
angle, its rebound would obsfetve the same rule. Thus, if it 

Fig. 12. feU in the line h k, fig. 

13, its rebound would be 
in the line k i, and if it 
was dropped perpendi- 
c\ilarly from I to A:, it 
would return in _ the 
same line to I, The an- 
^gle which the ball makes 
with the perpendicular 
/ k, in its approach to 
the floor is called the 
angle of incidence, ^ndi(h&t "which it m^kes in departing from 
the floor in the same line, is called the ang-le tjjf^reflection^ and 

these angles are always equal to each other. 

— — ^ ■ — 

What illustrations can you dve df inflected motion 1 What laws are ob- 
served in reflected motion 7 Suppose a ball to be thrown on the floor in 
a certain .direction, what rule will it observe in rebounding 1 What is the 
angle calledj which the ball makes in xpiproAeltang the floor 7 What id the 
angle called, which it makes in leavkig the floor! What is the dxfferencie 
between these angles! . 
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Compound Motiofi. 
Compound m>otion ia that motion^ which is produced by two 
or. more forces* acting in diiSerent directiohs, on the $ame 
bodVf at the same time. This will be readily understood by a 
4iagram. 

d Fig. 13. Suppose the ball a, fig. 13, 

to be n^ovin^ with a certain 
velocity in the line b c, and 
suppose that at .the instant 
€, when it came to the point Oy 
it should be struck with an 
equal force in the direction 
of (2 6, $is it cannot obey 
the direction of both these 
forces, it will take a course 
between them, and fly off* in 
the direction of/. 
The reason of this is plain. 
If The first force would carry 
the baU from b ia e.; the second would carry it from d to 
e, and these two forces being ierqual, gives it a direction 
just half way betwe.en llie tiro, and therefore it is sent to- 
wards /. 

The line a /, is called the^ diagonal of the square, and re- 
sults from the cross' forces, b and d being equal to each other. 
If one of the moving forces is greater than tne other, then ^e 
diagonal line will be lengUiened in the direction of the greater 
force, and instead of being the diagonal of a square, it will 
become the diagonQlof a parallelogram, or oblong square. 

Suppose the force in the 
direction of a 6, should 
drive the ball with twice the 
velocity of the cross force 
c d, fig. 14, Uien the ball 
would go twice as far from 
the line c (Z, as from the line 
ft tf, and c /would be the 
diagonal of a parallelogram 
whose length is double its 
breadth. 




What is compound motion'? Suppose a baU, moving with a certain 
force, to be struck crosswise, with the same force, in what direction will it 
move 1 Suppose it to be struck with half its former force, m what direction 
wiQ it move! 



^ 
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Suppose a boat in crossmg. a river^ is rowed forward at the 
ia(iex>f four mOes an hour, and the current of. the river is at 
the same rate, then the two cross forces will be equal, and the 
line of the boat will Be the diagonal Of a square, as in fig. 13. 
But if the current be four nulea an hour, and the progress of 
the boat forward only two miles an hour, then the boat will go 
down streaip twice as fast as she goes across the river, and 
her path will be the diagonal of a parallelogran^, as in fig. 14, 
and therefore to make the boat pass directly across, the stream, 
it must be rowed towards some point hi^er up the stream 
than the landing place ; a fact well known to boatmen. 

Circular Motion. 
Circular motion, is the motion of a body in a ring, or circle, ' 
and is produced by the action of two forces. By one of these 
forces, the moving body tends to fly off in a straight line, 
while by the other it is drawn towards the centre, and thus it 
it made to revolve, or move round in a circle; 

The force by- which a body tends to go off in a straight line 
is caUed Ae centrifugal farce ; that which keeps it from' fly- 
ing away, and draws it towards the centre, is called the cen* 
trtpetdl farce. 

Bodies movinff in circles are constantly acted upon by these 
two forces. If me centrifugal, force should cease, the moving 
body would no longer perform a circle, but would directly ap- 
proach the centre of its own motion. If the centripetal force 
should cease, the body -would instantly begin to move off in a 
straight line, this being, as we have explained, the direction 
which all bodies take when acted on by a single force. 

Fig. 15. This will be obvious by ^g. 

15. Suppose a to ije a cannon 
baU, tied with a string to the 
centre of a slab of smooth ihar- 
ble, and suppose an attempt 
be made to pus]|j^ this ball with 
^ the hand in the direction of 6 ; 
it is obvious that the string 
would prevent its going to that 
point; but would keep it in the 
circle. In this case, the string 
is the centripetal force. 




What IB the Une A F; %. 13, caltedl Whatislhe li2l£f;£S3 
called 1 How are there feujcs illustrated 1 What is arculai motion? 
How IB this motion produced 1 What is the centrifugal force 1 
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Now 90||fH>se the ball to be kept Tevahrau^ wi^-rafw^^, 
its felocity and weight will occaaioitita^ ceatnnigal force ; sad 
if t^e string we're cut, when ^e ball was at the poiirt c, 
for instance, tlaa force would carry it off in thx line ^ 
waj^ds b. 

The greater the velocity with which a body tpoves round 
in a circle, ^e greater will be the force with winch it will fly 
ofTin a right line. < 

Thus, when ojoe wishes to sling a stone to the greatest dis- 
tance^ he makes it whirl round with the greatest possible ra- 
pidity, before he lets it go. Before the invention of oilier 
warlike instruments, soldiera threw. stones in this manner with 
great force, and dreadful effects. . 

' The line about which a body revolves,, is called its axis cf 
motion. The point round which it turns, or on \vhich it rests, 
is called the centre of motion, In^ fig, 1.5, the point d, to 
which the string is fixed, is the centre of motion. In the 
spinning top, a line through the centre of the handle to the 
point on which it turns, is the axis of motion. 

In the revolution of a wheel, that part which is at tiie great- 
est distance from the axis of motion, has the greatest velocity, 
and consequently, the greatest centrifugal force. 

Fig. 16. Suppose the wheel, fig. 16, to 

refolve a certain number of times 
in a minute, the velocity ,of the 
end of the arm, at the point €Ly 
would be as much greater than its 
middle at the point 5, as its dis- 
tance is greater from the axis of 
motion, because it moves in a lar- 
ger circle, and consequently the 
centrifugal force of the rim c, 
would in like manner, be as its 
distance from the centre of mo- 
tion. 

Large wheels^ which are designed to turn with great velo- 
city, must, therefore, be made with corr esponding strength. 

What is th^ centripetal force-? Stmpose the centrifugal force should 
ceafi^ in what direction would the body move?. Suppose the centripetal 
force should cease, where would the body go? Exptain fig. 15. What 
constitutes the-ccntrifu^il force of a body moving round in a circle ? How 
is this illustrated V Whatis the axis of motion ? What is the centre of 
motion ? Give illustrations. What part of arevolvinff wh^sel has the £ielit- 
est centrifugal force? Why? *^ s 6 
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otfaerwifie ^t ccai^tnfiigal force will overcome the cohedive at- 
tractioiiror the strength of the fastenings, In which case the 
vheel will fly in pieces. This sometimes happens to the Uirge 
gpidstones used in gun-factories, and the stone either flies 
away piece-meal, or breaks in the middle, to the great danger 
of toe workmen. 

Were the diurnal velocity of the earth about sevente^i 
times greater than it is, those parts at the greatest distance 
from its axis, would, beffin to fly off in straight lines, as the 
water does from a grindstone, when it is turned rapiddy. 

i^entre-of Gravitv, 
' Hie centre of gravity, in any body or system of bodies, is 
that point upon which the body, or system of bodies, acted 
upon only by gravity, will balance itself in all positions. 

The centre of gravity, in a wheel made entirely of wood, 
and of equal thickness, would be exactly in the middle, or in 
its ordinary centre of motion. But if one side of the wheel 
were made of iron, and the other part of wood, its centre of 
gravity wx>uld be changed to some point, aside from the centre 
of the wheel. 

Fi^ 17. Thus, the centre of gravity in the 

wooden wheel, fig. 17, would be at 
the axis on which it turns ; but were 
the arm a, of iron, its centre of mo- 
tion and of gravity would no long^* 
be the same^ but while the centre of 
motion remained as before, the cen- 
tre of gravity would fall to the point 
a. Thus the centre of motion and 
of gravity, though often at the same 
point, are not always so. 
When the body is shaped irregularly, or there are two or 
more bodies connected, the centre of gravity is the point on 
which they will balance without falling; 

Fig. 18. . If the two bails a and &, fig. 18, 

A . * ^ Weigh each four pounds, the centre of 

UHl ^ — Ma gravity will be a point on the bar equal- 

^■^ ^^ ly distant from each. _ 

I .. I ■ • ■ ■ .. . . .. .1 __ ■ _ ■ - , ■ ' ' ' % _ ' 

Why must large wheelsj^turmng with gtea^i velocity, be strongly made 1 
What-would be the consequence, were the velocity of the earth 17 times 
ffieater than it isl W-here is the centre of gravity in a body 1 Where is 
& centre of gravity in a wheel, made of wood! Tf one side b made of 
wood, and the other of iron, where is this centre 1 Is the centre of motion 
and of gravity always the same \ 
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Fig. 19. . Butifoneof thebill0behen4ei^4lHn 

Othe odier, then the^entre of gravity will* 
in proportion, approach (^e lar^ balL 
Thus m fig. 10; if c wdghs two pouflds 
and d eight pounds, 'th« cen^*e m griv- 
ity will be four times the distMiceiroin 
c idiatit kfromd 

In a body of ^e^tral thickness, as a bo^rd, or a slab of mar- 
ble, but otherwise of an irregular shape, -the cenli^ of gravity 
may be found by suspending it, first from one point; and ih^i 
from another, and marking by m<^ns of a 3>lumb lilie the per- 
pendicular ranges from the point of suspension. The centre of 
gravity will be the point where ^ese two lines crpM each'oth^r. 
Thus, if the irregular shaped piece of botard^ fig, 20, be 
Fig. 20: Fig. 21. Fig. 23. suspended by 

makififir a hole 
throu^ it at 
tbepomta,and 
at ' the same 
point suspend- 
ing the plumb 
Hne c, both 
board and line 
• will hang in 

the position represented in the figure. Having markefUiis 
line across the board, lel^it be suspended again m the position 
of fig, 21, and tfie perpendicular liiie again marked!. The 
point where these lines cross each other, is the centre of gravi-. 
ty, as seen by fig. 22. 

It is often of great consequence, in the concerns of life, 
that the subject of gravity should be well considered, since 
the strength of buildings, and of machinery, ofi«n depends 
chiefly on the gravitating point. 

Common experience teaches, that a tall object, with a nar- 
row base* or foundation, is easily overturned ; but common 
experience does not teach the reason, for it is only by imder- 
standing principles, that practice improves experiment. 

An upright object will fall to the ground when it leans so 
much that a perpendicular line from its centre of cavity falk 
beyond its base. A tall chimney, therefore, wiUi a narrow 

When two bodies are connected, as hj a bar between them, where, is the 
centre of gravity ? In a board of irregular shape^ by what xnethod is tilie ceo* 
tre of gravity found 1 
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fywahikmf muk tti ase eonupjoiilv buill sit li&e prasest dafV 
will &n with a very 8%kt inclination. 

Now in falling,^ the centre of ffrgyity passes through the part 
of a circle, the centre of which is at the extremi^r of ih6 base 
on which the body stands. This will be comprehended by 
fig. 23. < 

Fi|gr/33. Suppose tbe^£gure to be a Jl>lock of 

marble, which ^ia to be«tunied over, Jby 
lifting at the ooFner a, the comer <2 would 
be t& centreof, its motion, or the point 
on which' it would turn. The centre of 
gravity, c, woiSd, therefore, describe the 
.pait of a circle, of whic^ t^e corner, d,,i8 
. the centre. 

It will be obvious* after a little eonsideratibn,, that the' 
matest difficulty we should find in turning over a square 
block of marble, would be, in first raising up the centre of 
gravity, for the resistance will constantly Income lessi in' pro- 
portion as the point approaches a perpendicular line over die 
comer <2, which, having passed, it will &11 by its own gravity. 
The difficulty of turning over a body of a particular form, 
will be more strikingly illustrated by the fig^ure of a trii^igle, 
or low pyramid. 

Fig. 24. In fig. 24, the centre of gravity is so 

low, and &e base so broad, ihhi in turning 
.it Qver, a great pfoportion of its whole 
weight must, be raised. Heiiee we see Uie 
firmness of the p^rramid in theory, and ex- 
perience proves its traih ; for buudings are 

found to withstand the efiects of time, and 

the conunofions of earthquakes, in proportion as they approach 
this figure. j 

The most ancient monuments of the art of building, now 
standing, the pyramids of Egypt, are of this form< 

When a baU is rolled on a norizontal plane, the centi:!e of 
^vity is not raised, but moves in a straight line parallel to 

Id what direction must the centre of gravity be 6om the outside of the . 
base, before the object will fall 1 In fiJling, the centre of gravi^ passes 
through part of a circle ; where is the centre of this circle 1 In tuhungover 
abody, why does the force required constantly become leas and less 1 Why 
is there less force required to overturn a cube, or square, than a pyramid tff 
the flune weight 1 When a baD is rpUed on a horizontal plane, in what di- 
rectbn does Se centre of gravity move 1 ' ^ 
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tbesarfiuse of the plfkneoji whicb H fdbs and is eonsequ^tly 
always directly over its centre of motion. , 

*■ * Sum)ose, fig« %, ais theplaiieon 

wHcn the ban moves, b the line on 
which the centre of gravity moves, 
,^ and c aplomb line, showing that the 
centre of gnnrity must always be ex- 
'. act|y over the centre of motion, when 
Uie ball moves on a horizontal plane 
— dienwe shiEtll see di^ reason why a 
ball moving en such a plane, will rest 
with equal firmnei» in any jposition^'and why so Jittle force is 
required to set it in motion. For in no other £gure does the 
centre of gravity describe a horizontal- line over that of mo- 
tion, in whatever direction ihe body is pioved: 

^' V^ If &e plane is inclined downwards, 

the baTi is instantly thrown into motion 
because the centre of gravity then falls 
forward of that of motion, or the point 
on which the ball rests. 

This is exjdained by fig. 26, where 
a is the point on ^vhich ^e ball rests, 
or the centre of motion, c the perpen- 
dicular Jine from the. centre of gravity 
as shown by the jplumb weight c. 

If die plane is mclined upwai^d, force 
is required to move the ball in that di- 
rection, because the centro-pf gravity then falls behind that 
(^ motion, and therefore the Centre of gravity has to be con- 
stantly lifted. This is ako shown by 6g. 26, only consider- 
ing tne ball to be moving up the mdined: plane, instead of 
down it. 

Froni these principles, it will be Tea.&iy understood, why 
so much force is reqmred to roll a heavy "body, as a hogshead 
of sugar, for instance, up an inclined plane. TTie centre of 
gravity falling behind that of motion, the weight is eonstaiitly 
acting against the force employed to raise the body. 




Explain fig. %. Why does a bail on a boritDiitiil plane rett eqiiall]^ wcU 
in aU positiono? Why does it move with tittle force T If tfaepiane is in- 
clined downwards, why doe^the ball roll jn that direction 7 'Why is form 
veqniiedto move a bail up an inclined planet 
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Fig. 38. 



Fig. 97. From what has been stated, it wUl be under- 

stood, that the danger that a body will fidl, is in 
proportion to the narrowness of its base, eom- 
pared with the height of the centre of gravity 
abore the base. 

Thus a tall body, shaped like fig. 27, will 
fall, if it leans but very shghtly, for the centre 
of gravity being far above the base, at a, is 
brought over the centre of motion, b, with lit- 
tle inclination, as shown by the J^umb line. 
Whereas a body shaped like fig. 28, will not 
fiiU, until it leans much more, as again shown 
by the direction of the plumb line. 

We may learn from these comparisons, that 
it is more dangerous to ride in a nigh carriage 
than in a low one, in proportion to the elevation 
of the vehicle, and the nearness of the wheels 
to each other, or in proportion to the narrow- 
ness of the base, and the height of the centre of 
gravity. A load of hay upsets where the road 
raises one wheel but litue higher than the other, 
because it is high, and broader on the top than 
the distance of the wheels from each other; while a load of 
stone is very rarely turned over, because the centra of gravity 
is near ^e earth, and its weight between the wheels, mstead 
of being far above them. 

In man the centre of gravity is between the hips, and hence, 
were .his feet tied together, and his arms tied to his sides, a 
very slight inclination of his body would carry the perpendi- 
cular of his centre of gravity beyond the base, and ne would 
ML " But when his limbs are free to move, he widens his 
base, and changes the centre of gravity at pleasure, by throw- 
ing out his arms, as circumstances require. 

When a man runs, he inclines forward, so that the centre 
of gravity may hang before his base, and in this position, he is 
obfiged to keep his feet constantly advancing, otherwise he 
womd fall forward. 




What is the danger that a bod;^ will fall proportioned to 7 Why is a bo- 
^, shaped like fig. 27, more eaoly thrown down, than one 8ha})ed like fig. 
% 7 Hence, in nding in a carriage, how is the danger of upsetting propor- 
tioned 7 Where is the centre oY a man's gravity! Why will a n»n fidlivith 
a dight inclination, when his feet and arms are tied 1 
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A tHih 8tttidiiig on one foot, cannot throw his body forward 
without at tiie same time throwing his other foot bacKward* in 
order to keep his centre of gravi^ within the base. 

A naan, ^refore, standing with his heels against a perpen- 
dicular wall, cannot stoop forward without fallmg, because the 
waU prevents his throwing any part of his b(Kly backward. 
A person, little versed in such things, agreed to pay a certain 
sum of money for an opportunity orpossessin? himself of dou- 
ble the sum, by taking it from &e noor With nis heels against 
the wall The man, of course, lost his money, for in such a 
posture, one can hatdly reach lower than his own knee. 

The base, on which a man is supported, in walking or 
standing, is his feet, and the space between them. By turning 
the toes out, this base is made broader, without taking much 
from its length, and hence persons who turn their toes outward, 
not only walk more firmly, but more gracefully, than those 
who turn them inward. 

In consequence of the upright position of man, he is con- 
stantly obliged to employ some exertion to keep his balance. 
This seems to be the reason why children learn to walk with 
80 much difilcul^, for after they have strength to stand, it re- 
quires considerable experience, so to balance the body, as to 
set one foot before the other without foiling. 

By experience in the art of balancing, or of keeping the 
centre of gravity in a line over the base, men sometimes per- 
form things, that, at first sight, appear altogether beyond hu- 
man power, such as dining with tne table and chair standing on 
a single rope, dancing on a wire, &c 

No form under which matter exists, escapes the general 
law of gravity, and hence vegetables, as well as animals are 
formed with reference to the position of this centre, in respect 
to the base. 

It is interesting, in reference to this circumstance, to ob- 
serve how exactly the tall trees of the forest conform to this 
law. 

The t)ine, which grows a hundred feet high, shoots up with 
as much exactness, with respect to keeping its centre of gra- 
vity within the base, as though it had been directed by the 

Why cannot one who stands with his heels against a wall stoop ibrward 1 
^^Hky ooes a peraon walk most finnly, who turns his toes outwai^ ? Why 
does'Dot a child walk as soon as he can stand ? In what does the art of ba- 
landng, or waUdng on « rope, consist 1 What is observed in the.growth of 
the tiees of the forest, in respect to the laws of gravity 1 
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plumb line of a master builder. Ito limbs towards the top are 
sent off in cooibrmity to the same law ; each one growing in 
respect to the olher, so as to preserve a due mlance oe^ 
tweeok the whole. 

It may be observed, also» that where many trees grow near 
eack other, as in thick forests, and consequenUy where the 
wind can have but little effect on each^ that they always grow 
taller than when standing alone on the plain.. The roots of 
such trees are also smaller, and do not strike so deep as those 
of trees standing alone. A tall pine, in the midst of the for- 
est, would be thrown to the ground by the first blast of wind« 
were all those around it cut away. 

Thus, the trees of the forest, not only grow so as to pro- 
serre their centres of gravity ; but actually conform, in a cer- 
tain sense, to their situation. 

QfTitre of Inertia. 

It will be remembered tl&t inertia is one of the inherent, or 
essential properties of matter, and that it is in consequence of 
this property, when bodies are at rest, that they never move 
without the application of force, and when once in motion, that 
they never cease moving without some external cause. 

"Sow inertia, though, nke gravity, it resides equally in evenr 
particle of matter, must have, like gravity, a centre in each 
particular body, and this centre is the same with that of gra- 

In a bar of iron, six feet long, and two inches square, the 
centre of gravity is just three feet from each end, or exactly in 
the middle. If, therefore, the bar is supported at this point, 
it will balance equally, and because there are equal weights 
on both ends, it will not fall. Thb, therefore, is the centre of 
gravity. 

Now suppose the bar should be raised by raising up the cen- 
tre of gravity, then the inertia of all its parts would be over- 
come equally with that of the middle. The centre of gravity 
is, therefore, the centre of inertia. 

The centre of inertia, being that point, which, beinff lifted, 
the whole body is raised, is not, therefore, always at me cen- 
tre of the body. 

What efiect does ineTtia h^ve oua bodies at pest 1 Wlia^ effect dpes it ^vf| 
sa bodies in inotioa 1 Is the oentxe of inertia, and tkat of gravity, the ttJM ^ 
Where is the centre of inertia in a body, or a system of b^^Ucn 1 
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^■^ _ Thus, suppose the same W of iron. 

whose inertia was overcome by raising 
the centre, to have balls of diflerent 
weights attached to its ends ; then the 
centre of inertia would no longer re- 
main in the middle of the bar, but would be changed to the 
point a, fig. 29, so that to lift the whole, 'this point must be 
raised, instead of the middle, as before. 

Equilihrium. 
When two forces counteract, or balance each other, they 
are said to be in equilibrium. 

It is not necessary for this purpose, that the weights oppos- 
ed to each other should be equally heavy, for we have just seen 
that a small weight placed at a distance from the centre of 
inertia, will balance a large one placed near it. To produce 
equilibrium, it is only necessary, that the weights on each 
side of the support should mutually counteract each other, or 
if set in motion, that their momenta should be equal. 

A pair of scales are in equilibrium, when the beam is in a 
horizontal position. 

To produce equilibrium in solid bodies, therefore, it b only 
necessary to support the centre of inertia, or gravity. 

Fig. 30. If a body, or several bodies, con- 

nected, be suspended by a string, 
as in fig. 90, the point of support 
is always in a perpendicular line 
above tne centre of inertia. The 
plumb line d^ cuts the bar connect- 
ing the two balls at this point 
Were the two weights in this fi^re 
equal, it is evident that the hooK, or 
point of support, must be in the mid- 
dle of the string, to preserve the horizontal position. 

When a man stands on his right foot, he keeps himself in 
eauilibrium, by leaning to the right, so as to bring his centre 
of gravity in a perpendicular line over the foot on which he 
stands. 

Why is the pcmit of inertia changed, by fixing different weights to the 
endi of the iron bar 1 What is meant by equilibrium '\ To produce equi- 
librium, must the weights be equal ? When is a pair of scales in equilibrium 1 
When a body is suspended by a string, where must ihe support be with le- 
•peot to the pomt of uoertia 1 




CORVtLlNEAR MOTIOlt. 



H 



Cnrmlinear^ or bent Motion. 

We hare seen that a single force acting on a hody, drives it 
straight forward, and that two forces acting crosswise* drive it 
midway hetween the two, or give it a diagonal direction. 

Curvilinear motion differs from both these, the direction of' 
the hody being neither straight forward, nor diagonal, but 
thrdu^h a line which is curved. 

This kind of motion may be in any direction, but when it 
b produced in part by gravity, its direction is always towards 
the earth. 

A stream of water from an aperture in the side of a vessel, 
as it &lls towards the ground, is an example of a curved line, 
and a body passing through such a line, is said to have curmli" 
near motion. Any body projected forward, as a cannon ball 
or rocket, falls to the earth in a curved line. 

It is the action of gravity across the course of the stream, 
or the path of the ball, that bends it downwards, and makes it 
form a curve. This motion is therefore the result of two for- 
ces, that of projection, and that of gravity. 

The shape of the curve, will depend on the velocity of the 
stream or ball. When the pressure of the water is great, the 
stream, near the vessel, is nearly horizontal, because its velo- 
city is in proportion to the pressure. When a ball first leaves 
the cannon, it describes but a slight curve, because its projec- 
tile velocity is then greatest. 



Fig. 31. 




The curves prescribed by jets of 
water, under different degrees of pres- 
sure, are readily illustrated by tapping 
a tall vessel in several places, one 
above the other. 

Suppose fig. 31 to be such a vessel, 
filled with water and pierced as rejNre- 
sented. The streams will form curves 
differing from each other, as seen in 
the figure. Where the projectile force 
is greatest, as firom the lower orifice, 
the stream reaches the ground at the 

Greatest distance from the vessel, this 
istance decreasing, as the pressure 



What IB meant by curvlfinear motion'? What are examples of this kind 
of motioal What two forces produce this modoni On what does tba 
shape of the cxxne depe^ 1 How are the corres describedby jeti of water 
ahutraiedl 

6* 
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becomes less towards the top of the vessel The action of 
gravity being always the same, the shape of the curve de- 
scribed, as just stated, must depend on the velocity of the mov- 
ing body ; but whether the projectile force be great or small, 
the moving body, if thrown horizontally, will reach the ground 
from the same height in the same time. 

This, at first thought, would seem improbable, for without 
consideration, most persons would assert, very positively, that 
if two cannon were fired from the same spot, at the same in- 
stant, and in the same direction, one of tne balls falling half 
a mile, and the other a mile distant, that the ball which went 
to the greatest distance, would take the most time in perform- 
ing its journey. 

But It must be remembered that' the projectile fprce does 
not in the least interfere with the force of gravitjlj. [ A ball 
flying horizontally at the rate of a ^ousand feet per second, 
is attracted downwards with precisely the same force as one, 
flyinff only a hundred feet per second, and must therefore de^ 
scend the same distance in the same time. / 

The distance to which a ball will go, depends on the force 
of impulse given it the first instant, and consequently on its 
projectile velocity. If it moves slowly, the distance will be 
short — if more rapidly, the space passed over will be greater. 
It makes no difference, then, m respect to the descent of the 
baH, n^iether its projectile motion be ftust, or slow, or whether 
it mores forward at all. 

This is demonstrated by experiment Suppose a cannon to 
be loaded with a ball, and placed on the top of a tower, at such 
a height from the ground, that it would take just three seconds 
for a cannon ball to descend from it to the ground, if let &11 
perpendicuhurly. Now suppose the cannon to be fired in ah 
exact horizontal direction, and at the same instant, the ball to 
be dropped towards the ground. They will both reach the 
ground at the same instant, provided its surface be a horizon- 
tal plane from the foot of the tower to the place where the 
projected ball strikes. 

What difference is there in zespect to the time taken hy a body to reach 
Che ground, whether the curve be jj^reat or small 1 Why do bodies forming 
diffeient curves from the same height, reach the ground at the same time 1 
Suppose two balls, one flying at the rate of a thousand, and tiie other at the 
rate of a hundred feet per second, which would descend moM during die se- 
cond 1 Does it make any difierence in respect to the descent of the ball. 
wttoCller it has a projectflemotion or noti Suppose, then, one ball be firea 
IhimacaQnoa, and another let fiJIihmi the same hras^t at the same ins 
would they both reach the gioond at the MonetioieT 
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This will be made plain by fiff. 3% where a is the perpen- 
dicular line of the descending bau, c b the cunrilinear patn of 
that projected from the cannon, and J, the horizontal line 
from the foot of the tower. 

Fig. 38. 




The reason why the two balls will reach the ground at the 
same time, is easily comprehended. 

During the first second, suppose that the ball which is 
dropped, reaches 1 ; during the next second it fiills to % and 
at the end of the third second it strikes the ground. Mean- 
time, the ball shot from the cannon is projected forward wiUi 
such velocity as to reach 4 in the same time that the other 
is faDing to 1. But the projected ball falls downward exactly 
as fiist as the other, for it meets the line 1,4, which is parallel 
to the horizon at the same instant During the next second, 
the projected ball reaches 5, while the otner arrives at 2 ; 
and nere again they have both descended through the same 
downward space, as is seen by the line 2, 5, which is parallel 
with the other. During the third second, the ball from ^e 
cannon will have nearly spent its projectile force, and there- 
fore, its motion downward will be greater, while its motion 
forward will be less than before. The reason of this will 
be obvious, when it is considered, that in respect to fipravity, 
both balls fi>llow exactly the same law^ uad fall throudi equal 
in equal times. Therefore as the falling ball descends 



spaces 



through the greatest space during tiie last second, so that 
from me cannon, having now a less projectile motion^its down- 
ward motion is more direct^and, like all felling bodies, its velo- 
city is increased as it approaches the eartii. 

£xidain fig. 3Qy ahofwiiur the nason whv &» two ImDb will leach the 
gnMind at the same tsno. Why does the ball approach the earth mom 
rapidly in the last part of the curre, than in the firat parti 
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From these principles it may be inferred, that the hori- 
zontal motion of a body through the air, does not in the least 
interfere with its grayitating motion towards the earth, and 
therefore that a rine ball, or ai^ other body/projected forward 
horizontally, will reach the ground in exactty the same period of 
time, as one that is let fall perpendicularly from the same height 
The two forces acting on bodies which fall through curved 
lines, are the same as the centrifugal and centripetal forces, al- 
ready explained ; the centrifugal, in case of the ball, being caused 
by the powder — the centripetal, being the action of gravity. 

Now, it is obvious, that the space through which a cannon 
ball, or any other body, can belhrown^ depends on the velocity 
with which it is projected^ for the Attraction/ of gravitation 
and the resistance of the air acting perpetually, the time whidi 
a |)rojectile)can be kept in motion, through the air, is only a 
few momenis. 1 

If^ however,* the projectile be thrown from an elevated sita- 
tion, it is plain that it would strike at a greater distance than 
if thrown on a level, because it would remain longer in the 
air. Every one knows that he can throw a stone to a greater 
distance, when standing on a steep hill, than when standing 
on the plain below. 

Bonaparte, it is said, by elevating the ran^e of his shot, 
bombarded Cadiz from the distance of five nules. Perhaps, 
tiien, from a high mountain, a cannon ball mig^t be thrown to 
the distance of six or seven miles. 

Suppose the circle, %• 
33, to be the eardi, and a 
a high mountain on its 
surface. Suppose that 
this mountain reaches 
above the atmosphere, or 
is fifty miles higii, then a 
cannon ball might perhaps 
reach from a to 2), a di»- 
tance of eighty or a hun- 
dred mOes, because the 
resistance of the atmo- 
sphere bein^ out of the 
calculation, %t would have 
nothing to contend vrith, 
except the attraction of 

What is the force called which throws a ball forward 7 
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graTitation. I( then, one degree of force, or Telocity, would 
send it to 6, another would send it to c ^ and if the force wai 
increased three times, it would fall at d, and if four times, it 
would pass to e. If now we suppose the force to be about ten 
times greater than that with which a cannon ball is projectedv 
it would not fall to the earth at any of these points, buy would 
continue its motion, until it again came to Uie point of the 
place from which it was first projected. It woula now be in 
equilibrium, the ^centrifugal force being just equal to that of 
gravityy^ and therefore it would perform another, and another 
revolution, and so continue to reyolve around the earUi per- 
petually. 

The reason why the force of gravity wUl not ultimately 
bring it to the earth, is, that during the first revolution, the 
efiect of this force is just equal to that exerted in any other 
revolution, but neither more nor less | and, therefore, if the 
centrifugal force was sufficient to overcome this attraction du« 
ring one revolution, it would also overcome it during the next; 
It is supposed, also, that nothing tends to affect the projectile 
force except that of gravity, ^nd the force of this attraction' 
would be no greater auring any other revolution, than during' 
die first J 

In otner words, the centrifugal and centripetal forces are 
supposed to be exactly equal, and to mutually balance each 
other ; in which case, me ball would be, as it were, suspended 
between them. As long, therefore, as these two forces con* 
tinned to act with the same power, the ball would no more 
deviate from its path, than a pair of scales would lose tlieir 
balance without more weight on one side than on the other* 

It is these two forces widch. retain the heavenly bodies in 
their orbits, and ~in the case we have supposed, our cannon 
ball would become a little satellite^ moving perpetuaUy round 
the earth. 

Resultant Motion, 

Suppose two men to be sailing in two boats, each at the 

What is that called, which brings it to the ground 1 On what does the 
distance to which a projected body may he thrown depend 1 Why does the 
distance depend upoil. thcT velocity 1 Explain fi^. 33. Suppose the velocity 
of a cannon hall shot'from a mountain 50 miles high, to be ten times its usua* 
late, where would it stop ? . When would this ball be in equilibrium 1 Why 
would not the finrce of mvity ultimately bring the ball to the eaith *} After 
the first revolution, if me two dices' continura the same, would not the mo* 
tion of the ball be perpetual 1 
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mte of four miles aft hovr, at a short distance of^site taeari^ 
other, and suppose as Ihey are sailing along in this manneri 
one of the men throws the otlier an apple. In respect to ibB 
boatsi. the apple would pass directly across, from one to the 
other, that is, its line of direction would be perpendicular to- 
the sides of the boats, j But its actual line through the air» 
il(0uld(be obUqtte, or diagonal,|in respect to the sides of the 
boato, because in passing from boat to boat, it is impelled bv 
two forces, viasw the force of the motion of the boat forward, 
and' the ibrce by which it is thrown by the hand across this 
motion. 

This diagonal motion .of the apple is called the 'resulianii 
or the resmting motion, )>ecause it is the effect, or residt, ot 
two motions, reaolred into one.) Perhaps this will be more 
Fig. 34. clear by £g. 34, where a b^ and Cf 

d, are supposed to be the sides 
tf >^l ^ t of the two boats, and the line e /> 

that of the apple. Now the apple, 
when thrown, has a motion with 
the boat at the rate of four miles 
^ an hour, from c towards d^ and thb 
motion is supposed to contiane just 
as. though it had remained in the boat Had it remained in the 
boot during tiie time it was passing from e to/, it would ha^e 
passed from e to ^. But we su]^>ose it to have been thrown 
at the rate of eight miles an hour in the direction towards g, 
and if the boats are moving south, and the apple thrown to* 
wards Ihe east, it would pass, in the same time, twice as fiur 
towards the east as it did. towards the south. Therefore, in 
respect to the boats, the apple would pass in a perpendicular 
line from the side of one to that of the other, (because they 
are both in motion^ but in respect to one perpendicular line 
drawn from the point where tne apple was thrown, and a 
parallel line with this, drawn from the point where it strikes 
the other boat, the Ime of the apple would be obKque. This 
will be clear, when we consider that when the apple is thrown, 
(the boats are at the points e and ^, and that when it strikes, 
they are at h and /, these two pomts being opposite to each 
other, j 

Suppose two boats, sailing at the same rate and in the same directbn, L 
an apple be tossed from one to the other, what will be its direction in respect 
to the boats 1 What would be its fine through the air, in respect to the boats 1 
What is this kind of motion called 7 Why is it called resultant motion 1 
^plain fig- 34. 




t 

The line e,/, through which die apjde is thrown, is oAled 
the jdlagonal of a paraflelogmm, as a&eady explained under 
eompound motion. 

0^ die abore principle, if two ships, during a battle, ase 

waiting before the wind at equal rates, the aim of the gunners 

^wiU be exactly the same as though they stood stiU ;/^whereas 

if Uie gunner fires from a ship -standing still, at another under 

he takes his aim forwara of the mark he iiitends to hit, 

rase the ship would pass a little forward wh3e the ball is 

[oing to herJ And so, on die contrary, if a ship in motion 

ires at anotner standing still, the aim /tnust be behind the 

mark,! because, as the ^notion of the ball partakes of that of 

die ship, it will strike forward of the point aimed at. } 

For the same reason, ^£ a ball be dropped from the topmast 
of a ship under sail, it partakes of the motion of the ship for- 
ward, and will fall in a line with the mast, and strike the same 
point on the deck, as though the ship stood still. 

If a man upon the full run drops a bullet before him from 
the height of his head, he cannot run so &st as to overtake it 
before it reaches the ground. 

It is on this princi^e, that if a cannon ball be shot up ver- 
tically from the earth, it will fall back to the same point ; for 
although the earth moves forward while the ball is in the air, 
yet as it carries diis modon widi it, so the ball moves forward 
also, in an equal degree, and therefore comes down at the 
same place. 

Ignorance of these laws indu<^d the storv-makinff sailor to 
teD nis comrades, that he once sailed in a snip whicn went so 
fiist, that when a man fell from the mast-head, the ship sailed 
away and left the poor fellow to strike into the water behind 
her. 

Pendultfm. 

A pendulum ts a heavy body, such as a piece of brass, or 
lead, suspended T>y a wire or cord, so as to swing backwards 

and forwards. ( 

1 (_ 

Why would die Hue of the apple be tctoany perpendicular in respect to 
the bdOs, bat oblique in respect to parallel tines drawn from where it wm 
thrown, and where it struck 1 How is this ftirther iUui^rated 7 When the 
'ships aie ini equal motion, when does the gunner take his aimi Why does 
he aim finrwaid of the nuurk, when the oth^ ship is in motion 1 If a Stiip in 
motion flies at one standing still, where must be the aim *? Why, in this 
case, must the aim be behind the mark 1 What other illustratimtt are given 
-afiesohantiikolion'? Whatisapeiidulami 
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"When a pendnliiin swiagsj^it is said to vibrate ; and tbat 
part of a circle llurough which it vibrates, is called its arc^ 

The times of the vibration of a pendulum are very nearlj 
equidy whether it pass through a greater or less part of its arc 

Fig. 35. ^ Suppose a and 

ft, fig. 35, to be 
two pendulums 
of equal length, 
and suppose the 
weights of each 
are carried, the 
one to c, and the 
other to (2, and 
both let fall at 
the same instant; 
their vibrations would be equal in respect to time, the one 
passing- through its arc from c to £, and so back again in the 
same tune that the other passes from d to/, and back again. 

The reason of this appears to be, that||Vhen the pendulum 
is rabed high, the action of gravity draws it more directly 
downwards, and it therefore acquires, in falling, a greats 
comparative velocity than is proportioned to the tnfling differ- 
ence of height I 

In the common clock, ' the pendulum is connected with 
wheel work, to regulate the motions of the hands, and with 
weights by which the whole is moved. The vibrations of the 
penaulum are numbered by a wheel having sixty teeth, which 
revolves once in a minute. Each tooth, therefore, answers 
to one swing of the pendulum, and the wheel moves forward 
one tooth in a second.^' Thus the second hand revolves once 
in every sixty beats of the pendulum, and as these beats are 
seconds, it goes round once in a minute.] By the pendulum, 
the whole machine is regulated, ^for the clock goes faster, or 
slower, according to its number of vibrations in a given time. 
The number of vibrations which a pendulum makes in a given 
time,; depends upon its length, jbecause a long pendulum does 
not perform its journey to and from the corresponding points 
of its arc so soon as a short one. 

What is meant bv the vibration of a pendulum 1 What is that part of a 
cfacle called, through which it awingsl Why does a pendulum vibrate in 
equal time, whether it goes through a small or large part txf its arc 1 De- 
scribe the common clock. How many vibrations haiii the pendulum in a 
minute 1 On what depends the number of vibrations whicn a pendulum 
makes in a given time 1 
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As the motion of the clock is regulated entirely by the 
pendulum, ^nd as the number of vibrations are as its length, 
the least variation in this respect will alter its rate of ffomg. 
To beat seconds, its length must be about 39 inches. In the 
conmion dock, the length is regulated by a screw, which 
raises and lowers the weight. But as the rod to which tlie 
weight is attached, is subject to variations of length in conse- 
quence of the change of the seasons, being contracted by. cold, 
and lengthened by iieat, the common clock goes faster m win- 
ter than in summer. 

Various means have been contrived to counteract the effects 
of these changes, so that the pendulums may continue the same 
length the whole year. Among inventions for this purpose, 
the gridiron pendulum is considered the best. It is so called, 
because it consists of several rods of metal connected together 
at each end. 

The principle on which this pendulum is constructed, is de- 
rived from the fact, that some metals dilate more by the same 
degrees of heat than others. Thus brass will dilate twice as 
much by heat, and consequently contract twice as much by 
cold, as steel. If then these dijBTerences could be made to 
counteract each other mutually, given points at each end of a 
system of such rods would remain^ stationary the year round, 
and thus the clock would go at the same rate in all climates, 
and during all seasons. 
Fig. 36. This important object is accomplished by the fol- 
9 loMring means. 

I Suppose the middle rod, fig. 36, to be made of 

^J^ brass, and the two outside ones of steel, all of the 
^^^ same length. Let the brass rod be firmly fixed to 
the cross pieces at each end. Let the steel rod a, 
be fixed to the lower cross piece, and 5, to the upper 
cross piece. The rod a, at its upper end passes 
througn the cross piece, and in like manner, b 
passes through the lower one. This is done to pre- 
vent these small rods from playing backwards and 
forwards as the pendulum swings. 

Now as the middle rod is lengthened by the heat 
twice as much as the outside ones, and the outside 
rods together are twice as lonff as the middle one, 
the actual length of the pendulum can neither be 

What is the medium length of a pendvQum beating seconds 1 Why 
does a common clock go faster in winter than in summer f 

6 
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increased nor diminished by the variations of tempera- 
ture. 
Pig. 37. 

f ^ To make this still plainer, suppose the lower 
cross piece, fig. 37, to be standing on a table, so that 
it could not be lengthened downwards, and suppose, 
by the heat of summer, the middle rod of orass 
snould increase one inch in length. This would 
elevate the upper cross piece an inch, but at the 
same time the steel rod a, swells half an inch, and 
the steel rod &, half .an inch, therefore, the two 
points c and d, would remain exactly at the same 
distance from each other. 
As it is the force of gravity which draws the weight of the 
pendulum from the highest point of its arc downwards, and 
as this force increases, or diminishes, as bodies approach to- 
wards the centre of the earth, or recede from it, so the pendu- 
lum will vibrate faster, or slower, in proportion as this attrac- 
tion is stronger or weaker. 

Now, it is found that the earth at the equator rises higher 
from its centre, than it does at the poles, for towards the 
poles it is flattened. The pendulum, therefore, being more 
strongly attracted at the poles than at the equator, vibrates 
faster. For this reason, a clock that would keep exact time 
at the equator, would gain time at the poles, for the rate at 
which a clock goes, depends on the numoer of vibrations its 
pendulum makes. Therefore, pendulums, in order to beat 
seconds, must be shorter at tlie equator and longer at the 
poles. 

For the same reason, a clock which keeps exact time at 
the foot of a high mountain would move slower on its top. 

There is a short pendulum, used by musicians for marking 
time, which may be made to vibrate fast or slow, as occasion 
requires. This little instrument is called a metronome^ and 
besides the pendulum, consists of 8evel^il wheels, and a spiral 
spring, by which the whole is moved. This pendulum is only 

What is necesBary in respect to the pendulum, to make the dock go true 
the year round 1 What is the principle on which the gridiron pendulum is 
constructed 1 What are the metals of which this instrument is madel Ex- 
plain fig. 36, and ^ve the reason why the length of the pendulum will not 
change by the variations of temperature. Elxplain fig. 37. What is the 
downward force which makes the penduhun vibrate 1 Explain the reason 
why the same clock would go faster at the poles and slower at the equator. 
How can a dodL which goes true at the equator be made to go true at the 
p(de8l 
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ten or twelve inches lonff, and instead of being suspended by 
the end, like other pendulums, the rod is prolonged above ihe 
point of suspension, and there is a ball placed near the upper, 
as well as at the lower extremity. 
Fig. 38. 

This arrangement will be understood 
by fig. 38, where a is the axis of sus- 
pension, h the upper ball, and c the 
lower one. Now when this pendulum 
vibrates from the point a, the upper 
ball constantly retards the motion of 
the lower one, by in part counterba- 
lancing its weight, and thus prevent- 
ing its full velocity downwards. 

Ferhaps this will be more apparent, 
by placing the pendulum, fig. 39, for 
a moment on its side, and across a 
bar, at the point of suspension. 
In this position, it will be seen, 
^^ that the little ball would prevent 

•— /^ J C^** ^® large one from falling with 

^^^ its full weight, since, were it 

moved to a certain distance from 
the point of suspension, it would balance the large one, so that 
it would not descend at all. It is plain, therefore, that the 
comparative velocity of the large ball, will be in proportion 
as the small one is moved to a greater or less distance from 
the point of suspension. The metronome is so constructed, 
the little ball being made to move up and down on the rod, at 
pleasure, and thus its vibrations are made to beat the time of 
8 quick, or slow tune, as occasion requires. 

By this arrangement, the instrument is made to vibrate every 
two seconds, or every half, or quarter of a second, at pleasure. 




Fig. 39. 



MECHANICS. 

Mechanics is a science which investigates the laws and ef- 
fects of force and motion. 

Will a clock keep equal time at the foot, and on the top of a hi^h moun< 
tain ? Why will it not 'i What is the metronome 7 How does this pendo- 
Imn difier firom common pendulmns 1 How does the upper hall retard the 
motioii of the lower one 1 How is the metronome made to go faster or slower 
ftt pleasuie 1 What is mechanics ? 
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, The practical object of this science is, to teach the best 
modes of overcoming resistances by means of mechanical 
powers, and to apply motion to useful purposes, by means of 
machinery. 

A machine is any instrument by which power, motion, or 
velocity, is applied, or regulated. 

A machine may be very simple, or exceedingly complex. 
Thus, a pin is a machine for fastening clothes, and a steam 
enffine is a machine for propelling mills and boats* 

As machines are constructed for a vast variety of purposes, 
their forms, powers, and kinds of movement, must depend on 
their intended uses. 

Several considerations ought to precede the actual construc- 
tion of a new or untried machine ; for if it does not answer the 
purpose intended, it is commonly a total loss to the builder. 

Many a man, on attempting to apply an old principle to a 
new purpose, or to invent a new machine for an old purpose, 
has been sorely disappointed, having found, when too lat«, 
that his time and money had been thrown away, for want of 
proper reflection, or requisite knowledge. 

If a man, for instance, thinks of constructing a machine for 
raising a ship, he ought to take into consideration the inertia, 
or weight, to be moved — ^^the force to be applied — the strength 
of the materials, and the space, or situation, he has to work in. 
For, if the force applied, or the strength of the materials, be 
insufficient, his macliine is obviously useless ; and if the force 
and strength be ample, but the space be wanting, the same re- 
sult must follow. 

If he intends his machine for twisting the fibres of flexible 
substances into threads, he may find no difficulty in respect Jo 
power, strength of materials, or space to work in, but if the 
velocity, direction, and kind of motion he obtains, be not ap- 
plicable to the work intended, he still loses his labour. 

Thousands of machines have been constructed, which, so 
far as regarded the skill of the workmen, the ingenuity of the 
contriver, and the construction of the individual parts, were 
models of art and beauty; and, so far as could be seen with- 
outnrial, admirably adapted to the intended purpose. But on 
putting them to actual use, it has too often been found, that 
their only imperfection consisted in a stubborn refusal to do 
any part of the work intended. 

What is the object of this science 7 What is a machine % Mention one 
of the most simple, and one of the most complex of machines. 
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Now, a thorough knowledge of the laws of motion, and the 
principles of mechanics, would, in many instances at least, 
nave prevented all this loss of labour and money, and spared 
him so much vexation and chagrin, hj showing the pro- 
jector that his machine would not answer the intended pur« 
pose. 

The importance of this kind of knowledge is therefore ob* 
vious, and it is hoped will become more so as we proceed. 

In mechanics, as well as in other sciences, there are words 
which must be explained, either because they are common 
words used in a peculiar sense, or because they are terms of 
art, not in common use. All technical terms will be as much 
as possible avoided, but still there are a few, which it is neces- 
sary here to explain. 

Force is the means by which bodies are set in motion, kept 
in motion, and, when moving, are brought to rest. The force 
of gunpowder sets the ball m motion, and keeps it moving, 
untu the force of resisting air, and the force of gravity, bring 
it to rest. 

Power is the means by which the machine is moved, and 
the force gained. Thus we have horse power, water power, 
and the power of weights. 

Weiffht is the resistance, or the thinj^ to be moved by the 
force of the power. Thus, the stone is the weight to be moved 
by the force of the lever, or bar. 

Fulcrum^ or prop, is the point or part on which a thing is 
supported, and about which it has more or less motion. In 
raising a stone, the thing on which the lever rests, is the ful- 
crum. 

In .mechanics, there are a dew simple machines, called the 
mechanical powers, and however mixed, or complex, a com- 
bination of machinery may be, it consists only of mese few in- 
dividual powers. 

We shall not here burthen the memory of the pupil with 
the names of these powers, of the nature of which he is at 
present supposed to know nothing, but shall explain the action 
and use of each in its turn, and then sum up the whole for his 
accommodation. 



What 18 meant by foioe. m mechanics 1 Wbat is meant by powerl What 
■ midentoodhy weight 1 What isthefuksrom'} Are the mechanical powers 
nameroiu, or only few in number I 

6* 
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The Lever. 

Any rod, or bar, which is used in raising a weight, or «ur- 
mounting a resistance, by being placed on a fulcrum, or prop, 
becomes a lever. 

This machine is the most simple of all the mechanical 
powers, and is therefore in universal use. 

^' ^' Fiff. 40 represents a 

strai^t lever, or hand^ 
spike, called also a crow- 
bar, which is commonly 
used in raising and mo- 
ving stone and other 
heavy bodies. The 
block b is the weight, or 
resistance, a is thelever, 
and c, the fulcrum* 

The power is the hand, or weight of a man applied at a, to 
depress thaf end of the lever, and thus to raise the weight 

It will be observed, that by this arrangement, the applica- 
tion of a small power may be used to overcome a great re- 
sistance. 

The force to be obtained bjr the lever, depends on its len^h, 
together with the power apphed, and the distance of the weight 
and power from the fulcrum. 

Fig. 41. Suppose, fiff. 41, that a is the 

lever, 5 the fulcrum, d the weight 
to be raised, and c the power. 
Let d be considered three times 
as heavy as c, and the fulcrum 
three times as far from c as it is 
from d; then the weight and 
)j power will exactly balance each 
other. Thus, if the bar be four 
feet long, and the fulcrum three feet from the end, then three 
pounds on the long arm, will weigh just as much as nine 
pounds on the short arm, and these proportions will be found 
the same in all cases. 

What is a lever 1 What is the simplest of all mechanical poweni 1 Ex- 
plain fig. 40. Which b the iKreight'} Where is the fulcrum 1 Where is the 
power api^lied 1 What is the power in this case 1 On what does the feroe 
to be obtained by the lever depend 1 Suppose a lever 4 ftet lonff, and the 
ftdcnun one foot from the enci, what number of pounds will bsknoe each 
other at the ends 1 
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When two weights balance each other, the fulcrum is al* 
wavs at the centre of gravity between them, and therefore, to 
make a small weight raise a large one, the fulcrum must be 
placed as near as possible to the large one, since the greater 
the distance from the fulcrum the small weight or power is 
placed, the greater will be its force. 

^* Suppose the weight 6, fig, 42, 

to be sixteen pounds, an*^ sup^ 
J, pose the fulcrum to be placed so 
O near it, as to be raised by the 
^ C power a, of four pounds, hang- 

ing equally distant from the M- 
crum and the end of the lever. 
If now the power a, be remov- 
ed, and another of two pounds, c, be placed at the end of the 
lever, its force will be just equal to a, placed at the middle of 
the lever. 

But let tbe fulcrum be moved along to the middle of the 
lever, with the weight of sixteen pounds still suspended to it, 
it would then take another weight of sixteen pounds, instead 
of two pounds, to balance it, fig. 43. 

Pig. 43. Thus the power which would 

balance 16 pounds, when the 
fulcrum is in one place, must be 
exchanged for another power 
weighing 8 times as much, when 
the fulcrum is in another place. 
From these investigations, we 
may draw the following general 
truth, or proposition, concerning 
the lever : ** Tliat the force of the lever increases in proportion 
to the distance of the power from the fulcrum^ and diminish' 
es in proportion as the distance of the weight from the fulcrum 





increases,*^ 



From this proposition may be drawn the following rule, by 
which the exact proportions between the weight, or refistance, 
and the power, may be found. Multiply tne weight by its 

When weights balance each other, at what point between them must tiie 
fiilcrum be *} Suppose a wdght of 16 pounds on the short aim of a lever is 
oounterbalanoed by 4 pounds in the middle of the long arm, what power 
wouldbalancethis weight at the end of the lever'} Suppose the ftalcnim to 
be moved to the middle of Ihe Wver, what power would tlien be equal to tfaa 
16 pounds 1 What is the general proposition drawn ficom these residti 1 
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distance from the fulcrum ; then multiply the power by its 
distance jrom the same pointy and if the products are equals 
the weight and the power will balance ea^cnTother, 

Suppose a weight of 100 pounds on the short arm of a le- 
ver, B inches from the fulcrum, then another weight, or power, 
of 8 pounds, would be equal to this, at llxe distance of 100 
inches from the fulcrum ; because 8 multiplied by 100 is equal 
to 800 ; and 100 multiplied by 8 is equal to 800, and thus 
they would mutually counteract each other. 

Fig. 44. Many instruments in com- 

mon use are on the principle 
of this kind of lever. Scis- 
sors, fig. 44, consist of two 
levers, the rivet being the 
fulcrum for both. The fin- 
gers are the power, and the 
cloth to be cut, the resist- 
ance to be overcome. 
Pincers, forceps, and sugar cutters, are examples of this 
kind of lever, 

A common scale-beam, used for weighing, is a lever, sus- 
pended at the centre of gravity, so that the two arms balance 
each other. Hence the machine is called a balance. The 
fulcrum, or what is called the pivot, is sharpened, like a 
wedffe, and made of hardened steel, so as much as possible to 
avoid friction. 

Fig. 45. 

A dish is suspended by cofds 

to each end or arm of the lever, 

^ for the purpose of holding the 

r ' ^^ articles to be weighed. When 

^ A the whole is suspended at the 

' ^ \ point a, £g, 45, the beam or lever 

"^ ought to remain in a hori2ontiJ 

position, one of its ends bein^ exactly as high as the other. 

If the weights in the two dishes are equar, and the support 

exactly in the centre, they will always hang 4U3 represented in 

the figure. 

A very slight variation of the point of support towards one 

What is the rule fbr finding the proportions between the wdght and 
power 1 Give an illustration of this rule. What instruments operate on 
the principle of this lever 1 When the scissors are used, what is the resist- 
anoe, and what the j^wtr 1 In the common scale-beam, where is the ful- 
cram 1 In what position ought the scale-beam to hang 1 
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end of the lerer, wOl make a difference in the weights em- 
ployed to balance each other. In weighing a pound of sugar, 
with a scale beam of eight inches long, if tne point of support 
is half an inch too near the weight, the buyer would be dieat- 
ed nearly one ounce, and consequently nearly one pound in 
every sixteen pounds. • This fraud might instantly be detected 
by changing the places of the sugar and weight, for then the 
difference would be quite material, since the sugar would then 
seem to want twice as much additional weight as it did really 
want. 

The steel-yard differs from the balance, in having its sup- 
port near on^ end, instead of in the middle, and also in hav* 
ing the weights suspended by hooks, instead of being placed 

in a dish.^ 

' Fig. 46. 

If we suppose the beam to be 

_5 f 7 inches long, and the hook, c, fig* 

46, to be one inch from the end, 

then the pound weight a, will re- 

^ quire an additional pound at &, 

for every inch it is moved from it. 

This, however, supposes that the 

bar will balance itself, before any weights are attached to it 

In the kind of lever described, the weight to be raised is on 

one side of the fulcrum, and the power, on the other. Thus 

the fulcrum is between the power and the weightj 

There is another kind of lever, in the use of which, the 

weight is placed between the fulcrum and the hand. In other 

words, the weight to be lifted, and the power by which it is 

moved, are on the same side of the prop. 

Fig. 47. This arrangement is 

p represented by ^g, 47, 

where w is the weight, I 

the lever, / the fulcrutn, 

and p a pulley, over which 

a string is thrown, and a 

O small weight suspended, 
as the power. In the 
comriion use of a lever of 
the first kind, the force is 
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How may a fraudulent scale-beam be made 1 iHow may the cheat be de« 
(ected 1 How does the steel-yard differ iipom the balance % In the first kind 
of lever, where is the Mcrum, in respect to the weight and power 1 In Uie 
Mccoid kind, where is the fulcrum, in respect to the weight and power 1 
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gained by bearing down the Ion? arm of the lever, which i» 
called prying'i, In the second kind, the force is gained by 
carrying the long arm in a contrary direction, or upward, and 
this is called lifting'^ 

Levers of the second kind are not so common as the first, 
but are firequently used for certain purposes. ^The oars of a 
boat are examples of the second kind. The water against 
which the blade of the oar pushes, is the fulcrum, the boat is 
the weight to be moved, and the hands of the man the powe^ 
Two men carrying a load between them on a pole, is also 
an example of this kmd of lever. Each man acts as the pow- 
er in moving the weight, and at the same time each becomes 
a fulcrum in respect to th^ other* 

If the weight happens to slide on the pole, the man towards 
whom it goes, has to bear more of it in proportion as its dis- 
tance from him is less than before. 

Pig 48 A load at a, fig. 48, is borne 

equally by the two men, being 
. « ■ equally distant from each ; but 

at h, three quarters of its weight 
would be on the man at that 
end, because three quarters of 
the length of the lever would 
be on the side of the other man. 

In the third, and last kind of lever, the weight is placed at 
one end, the fulcrum at the other end, and the power between 
them, or the hand is between the fulcrum and the weight to be 
Ufted. 

. ^' This is represented by fig. 

^/'^ 49, where c is the fulcrum, a 

^ the power, suspended over the 





C 



^^^^ pulley h, and a is the weight 



I 



to be raised. 
V N^^ This kind of lever works to 

* " — ^ great disadvantage, since the 

power must be greater than 
d the weight. It is therefore 

seldom used, except in cases 

■^— — — ™— ~~— ~—~— "— "— — ~-^-~' I ^^^■— I — »— — — ^^— ^^^— ■^««»-»— i »»»p^ 
What is the ax^on of the first kmd called 1 What is the action of the se- 
cond kind caUed 1 Give ^camples of the second kind of lever. In rowinff a 
boat, what is the fulcrum, what the weight, and what the power'? What 
other illustrations of this pfrindple is given % In tibe third kind of lever, where 
are the respective places of the weight, power, and fulcrum 1 



LEVER. 



71 



where velocity asd not foree is required. In raising a ladder 
from the ground to tfie roof of a house, men are obliged, some- 
times to make use of this principle, and the gi;eat difficulty of 
doing it, illustrates the mechanical disadvantage of this kind of 
lever. 

We have now described the three kinds of levers, and we 
hope, have made the manner in which each kind acts, plain, 
by iUustrations. But to make the difference between them 
still more obvious, and to avoid all confusion, we will here 
compare them together. 

In the first kind, the weight or resistance, is on the short 
arm of the lever, the power, or hand, on the long arm, and the 
fulcrum between them. In the second kind, the weight is 
between the fulcrum, and the hand, or power; and, in the 
third kind, the hand is between the fulcrum and the weight. 

Fig. 50. 



6 




I1g.51. 



Fig. 52. 





o 



6 



In fig. 50, the weight and hand both act downwards. In 
51, the weight and hand act in contrary directions, the hand 
upwards, and the weight downwards, the weight being be- 
tween them. In 52, the nand and weight also act m contrary di- 
rections, but the hand is between the fulcrum and the weight 

What IS the disadvantage of this kind of lever 1 Give an example of the 
use of the third kind of lever. In what direction do the hand and weight 
act, in the first kind of levari In what direction do they act in the secmd 
kind 7 In what diredion do they act in the third kind % 
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Ckympound Lever, — When sereral simple levers arc connect- 
ed together, and act one upon the other, the machine is 
called a compound lever* In this machine, as each lever acts 
as an indiviaual, and with a force equal to the action of the 
next lever upon it, the force is increased or diminished, and 
becomes greater or less, in proportion to the number or kind 
of levers employed. 

We will illustrate this kind of lever by a single example, 
but must refer the inquisitive student to more extended works 
for a full investigation of the subject 

Fig. 53. 

represents a 



.E ' "^ 



'K 



ba, *(J) 



compound 
lever, con- 
sisting of 3 
simple le- 
vers of the 
first kind. 
In calculating the force of this lever, the rule applies, which 
has already been given for the simple lever, namely,! the length 
of the long arm is to be multiplied by the moving- power, and 
that of the short one, by the weight, or resistance.^ Let us 
suppose, then, that the three levers in the figure are of the 
same length, the long arms being six inches, and the short 
ones, two inches long, required, the weight which a moving 
power of 1 pound at a will balance at 5. In the first place, 1 
pound at a, would balance 3 pounds at e, for the lexer being 
6 inches, and the power 1 pound, 6xl=^t wid the short one 
being 2 inches, 2x3«=6. The long arm of the second lever 
bein^ also 6 inches, and moved with a power of 3 pounds, 
multipl}r the 3 by 6bb18 ; and multiply the length of the short 
arm, being 2 inches, by 9b«=18. These two products beinf 
equal, the power upon the long arm of the third lever, at i^ 
would be 9 pounds. 9 pound8X6«n54, and 27x2, is 54 ; so 
that 1 pound at a would balance 27 at h. 

The increase of force is thus slow, because the proportion 
between the long and short arms, is only as 2 to 6, or in the 
proportions of 1, 3, 9. 

What is a compound lever 1 By what rule is the jfime of the compound 
lewr calculated 1 How many pounds weight will bo raiaed by three ieven 
connected, of eight inches each, with the fulcrum two inches nom the eoad, 
by a power of one pound 1 
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Now suppose the long arms of these levers to be 18 inehes, 
and the short ones 1 inch, and the result wiU be surprisingly 
different, for then 1 pound at a would balance 18 pounds at e, 
and the second leyer would have a power of 18 pounds. This 
being multiplied by the length of the lever, I8xl8»324 
pounds at d. The third lever would thus be moved by a power 
of S^ pounds, which, multiplied by 18 inches for the weight 
it would raise, would give 5832 pounds. 

The compound lever is employed in the construction of 
weighing machines^ and particularly, in cases where great 
weights are to be determined, in situations where other ma- 
chines would be inconvenient, on account of their occupying 
too much space. 

Wheel and Axle, 

The mechanical power, next to the lever in simplicity, is 
the wheel and axle. It is, however jnuch more complex than the 
lever. It consists of two wheels, one of which is larger than 
the other, but the small one passes through the larger, and 
hence both have a common centre, on which they turn. 

Fig. 54. The manner in which this 

machine acts, will be understood 
by fig. 54. The large wheel a, 
on turning the machine, will 
take up, or throw off as much 
more rope than the small wheel 
or axle S, as its circumference is 
greater. If we suppose the cir- 
cumference of the large wheel 
to be four times that of the small 
one, then it will take up the rope 
four times as &st. And because 
a is four times as large as 5, 
I pound at d wUl balance 4 pounds at c, on the opposite 
nde. 

The principle of this machine is that of the lever, as will 
be apparent by an examination of fig. 55. 

If the bng aims of the fevers be 18 inches, and the short one, one inch, 
hofw much will a power of one pound balance 7 In what machines is the 
oompoiind lever employed 1 What advantages do these machmes possess 
overother*! What is the next simple mechanical power to the fever 1 De- 
scribe this machine. Explain fig. 54. On what prindpfe does this ma- 
chine acti 

7 
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Fig. 55. This figure represents the machine 

endwise, so as ta show in what manner 
the lever operates. The two weights 
hanging in opposition to each other, the 
one on the wheel at a, and the other on 
the axle at 6, act in the same manner as 
if they were connected hy the horizontal 
lever a 5, passing from one to the other, 
having the common centre, c, as a ful- 
crum between them. 

The wheel and axle, therefore, acts 
like a constant succession of levers, the 
long arm being half the diameter of the 
wheel, and the short one half the diameter of the axle ; the 
common centre of both being the fulcrum. The ivheel and 
axle has, therefore, been called the perpetual leven 

The CTeat advantage of this mechanical arrangement is, 
that while a lever of the same power can raise a weight but a 
few inches at a time, and then only in a certain direction, this 
madiine exerts a continual force, and in any direction waniedt 
To change the direction, it is only necessary that the rope by 
which the weight is to be raised, should be carried in a line 
perpendicular to the axis of the machine, to the place below 
which the weight lies, and there be let &11 over a pulley. 




Fig. 56. 




Suppose the wheel 
and axle, fig. 56, is 
erected in the third 
story of a store house, 
with the axle over the 
scuttles, or doors 
through the floors, so 
that goods can \ie raised 
by it from the ground 
floor, in the direction 
of the weiffht a. Sup- 
pose also, uiat the same 
store stands on a wharf, 
where ships come up to 



In fig. 55, which is the fblcmm, and which tBe two anns of the fever 1 
What 18 thu machine called, in reference to the prindpfe on which it acts 1 
What w the great advantage of this machine over the fever and other me- 
'^luuikal powers 1 Descrihe fig. 56, and point out the manner in which 
weights can he raised hy fetting fall a rope over the puHey. 



WHEEL AND AXLE. 



76 



its side, and goods are to be removed from the vessels into the 
upper stories. Instead of removing the goods into the store, 
and hoisting them in the direction of a, it is only necessary to 
carry the rope 6, over the pulley c, which is at the end of a 
strong beam projecting out from the side of the store, and then 
the goods will be raised in the direction of (2, dius saving ihe 
labor of moving them twice. . 

The wheel and axle, under different forms, is appHed to a 
variety of common purposes. 

Pig. 57. The capstan, in universal use, on 

board of ships and other vessels, is 
an axle plflced upright, with a head, 
or drum, a, fig. 57, pierced with 
holes, for the levers '6, c, d. The 
weight is drawn by the rope e, pass- 
ing two or three times round the 
axle to prevent its slipping. 

This IS a very powerful and con- 
venient machine. When not in use, 
the levers are taken out of their 
places and laid aside, and when great force is required, two or 
three men can push at each lever. 

The common windlass for drawii^ water, is another modi- 
fication of the wheel and axle. Tne winchi or crank, hy 
which it is turned, is moved around by the hand, and there is 
no difference in the principle, whether a whble wheel is turned, 
or a single spoke. The winch, therefore, answers to the 
wheel, wnile the rope is taken up, and the weight raised by the 
axle, as already described. 




Fig. 58. 
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In cases where ^eat 
weights are to be raised, 

> and it is required that the 
machine should be as 
small as possible, on ac- 
count of room, the simple 
wheel and axle, modified 
as represented by fig. 58, 
is sometimes used. 

The axle may be con- 

] sidered in two parts, one 



What is the capstan 'J Where is it chiefly used 1 What are the peculiar ad- 
vantages of this form of the whed and axle 1 In the common ^ivindbuss, wbtt 
part answeiB to Che wheel 1 
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of which is larger than the other. The rope is attached by 
its two ends, to the ends of the axle, as seen in the fifure. 
The weight to be raised is attached to a small pulley, or weel, 
round vmich the rope passes. The elevation of the weight 
may be thus described. Upon turning the axle, the rope is 
coiled around the larger part, and at the same tim^ it b 
thrown off the smaller part. At every revolution, therefore, 
a portion of the rope will be drawn up, equal to the circum- 
ference of the thicker part, and at the same time a portion, 
equal to that of the thinner part, will be let down. On ike 
whole, then, one revolution of the -machine will shorten the 
rope where the weight is suspended, iust as much as the dif- 
ference between the circumference of the two parts. 
Fig. 59. 

Now to'^understand the principle on which 
this machine acts, we must refer to fig. 5d, 
where it is obvious that the two parts of the 
rope a and 5, equally support the weight dj 
and that the rope, as the machine turns, pass- 
es from the small part of the axle e, to the 
large part A, consequently j[8ie weight does 
not rise in a perpendiculaijflme towards c, the 
centre of both, but in a line between the out- 
sides of the large and small parts. Let us 
consider what would be the consequence of 
changing the rope a to the larger part of the 
axle, so as to place the weight in a line per- 
pendicular to the axis of motion. In this case, 
it is obvious that the machine! would be in equilibriun)| since 
the weight d, would be divided between the two sides equally, 
and the two arms of a lever passing through the centre c, 
would be of equal length, and therefore no advantage would 
be gained. But in the actual arrangement, the wei^t being 
sustained equally by the large and small parts, there is involv- 
ed a lever power, the long arm of whicn is equal to half the 
diameter of the large part, while the short arm is equal to half 
the diameter of the small part, the fulcrum being between 
them. 

Explain fig. 58. Why is the rope shortened, and the wei|^ht raised 1 
What is the design of fig. 59 ? Does the weight rise perpend£ular to the 
axis of motion 1 Suppose tibe cylinder was, thzoughoat, of the same slae, 
what would be the consequence 7 On what prindpfe does this machine act 1 
Which are the long and short annsof the lever, and where is the fulcrum 7 
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As the wheel and axle is only a modification of the simple 
lever, so a system of wheels acting on each other, and trans- 
mitting the power to the resistance, is only another /"form of 
the compound lever. ; 

"' '^^ Such a combination is 

shown at fig. 60. The 
first wheel, a, by means 
of the teeth, or cogs 
around its axle, moves 
the second wheel, ft, 
with a force equal to that 
of a lever, the long arm 
of which extends from 
the centre of the wheel 
and axle to the circum- 
ference of the wheel, 
where the power p, is 
suspended, and the short 
arm from the same centre to the ends of the cogs. The dot- 
ted line c, passing through the centre of the wheel a, shows 
the position of the lever, as the wheel now stands. The cen- 
tre on which both wheels turn, it will be obvious, is the ful- 
crum of this lever. As the wheel turns, the short ami of this 
lever will act upon the long arm of the next lever by means of 
the teeth on the circumference of the wheel &, andfthis again 
through the teeth pn the axle of 5, will transmit its force to 
the circumference of the wheel (2, and so by the short arm of 
the third lever to the weight w. As the power or small 
weight falls, therefore, the resistance, w, is raised, with the 
multiplied force of three levers, acting on each other. 

In respect to the fotce to be gained by such a machine, 
suppose the number of teeth on the axle of the wheel d, to be 
six times less than the number of those on the circumference 
of the wheel b, then b would only turn round once, while a 
tamed six times. And in like manner, if the number of teeth 
on the circumference of dy be six times greater than those on 
the axle of 5, then d would turn once, while b turned sijt 
times. Thus six revolutions of a would make b revolve once, 
and six revolutions of 5, would make d revolve once. Tliere* 
lore a ma kes thirty-six revolutfons, while 4 makes only em* 

On what mindple does a system of wheels act, as lepreseiited in lb. iOi 
fizpbonfig. 60, and show how' the power j» is transiBixed by the mwhi «f 
bveis to w. 
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The diameter of the wheel a, being three times the diame- 
ter of the axle of the wheel d, and its velocity of motion being 
36 to 1, 3 times 36 will give the weight which a power of 1 
pound at p, would raise at w. Thus 36x3=108. One 
pound at/7 would therefore balance 108 poundsjat w. 

If the student has attended closely to what has been said 
on mechanics, he will now be prepared to understand, that 
no machine, however simple or complex it may be, can ereate 
the least degree of force. It is true, that one man with a 
machine, may apply a force which a hundred could not exert 
with their hands, but then it would take him a hundred times 
as long. 

Suppose there are twenty blocks of stone to be moved a 
hundred feet ; perhaps twenty men, by taking each a block, 
would move them all in a minute. One-man, with a capstan, 
we will suppose, may move them aU at once, but this man, 
with his lever, woidd have to make one revolution for 
every foot he drew the whole load towards him, and there- 
fore to make one hundred revolutions to perform the whole 
work. It would also take him twenty times as lonff to do it, 
as it took the twenty men. ;His task, indeed, would be more 
than twenty times harder than that performed by the twenty 
men, for in addition to moving the stone, he would have the 
friction of the machinery to overcome, which commonly 
amounts to nearly one third of the force employed.^ 

Hence there would be an actual loss of power by the use of 
the capstan, though it might be a convenience for the one 
man to do his work by its means, rather than to call in nine- 
teen of his neighbours to assist him. 

The same principle holds good in respect to other machine- 
ry, where the strength of man is employed as the power, or 
prime mover. There is no advantage ^ined, except that of 
convenience. In the use of the most sunple of all machines, 
the lever, and where, at the same time, there is the least force 
lost by friction, there is no actual gain of power, for what 
seems to be gained in force is always lost in velocity. Thus^ 
if a lever is of such length to raise 100 pounds an inch by 
the power of one pound, its long arm must pass through a 

What weiffht win one pound at p balanoe at ir ? b then any actual 
power gakfilby the nseoTmacfaineiyl Siippo8e20mentoniovesS5atonea 
to a certain distance with their hands, and one man moves them back to the 
same place with a capstan, whkh performs the most actual labor 1 Why ^ 
Why, then, is machmery a oonvemenoe 1 
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space of 100 inches. ^ Thus, what is gained in One way is 
lost in another. 

Any power by which a machine is moved, must be equal to 
the resistance to be overcome, and, in all cases where the 
power descends, /there will be a proportion between the velo- 
city with which it moves downw^ards, and the velocity with 
wmch the weight moves upwards^ /There will be no differ- 
ence in this respect, whether the machine be simple or com- 
pound, for if its force be increased by increasing the number 
of levers, or wheels, the velocity of the moving power must 
also be increased, as that of the resistance is diminished. 

There being, then, always a proportion, between the velo- 
city with which the moving* force descends, and that with 
which the weight ascends, whatever this proportion may be, 
it is necessary that the power should have to the resistance 
the same ratio that the velocity of the resistance has to the 
velocity of the power. In other words, *( T%e power mulH' 
plied by the space through which it moveSy in a vertical direC' 
tion^ must he equal to the weight multiplied by the space 
through which it m^oves in a vertical direction^* 

This law is known under the name of *fthe law of virtual 
velocities,'yand is considered the golden rule of mechanics. 

This pnnciple has already been explained, while treating 
of the lever; but that the student should want nothing to assist 
him in clearly comprehending ^o important a law, we will 
again illustrate it in a diiferent manner. 

Fig. 61. Suppose the weight of ten pounds to be 

^^ suspended on the short arm of the lever, 
' 'fig. 61, and that the fulcrum is only one 
_ inch from the weight ; then, if the lever be 
b ^^^ I ten inches long, on the other side of the 

fulcrum, one pound at a would raise, or 

balance, the ten pounds at b. But in raising 

the ten pounds one inch in a vertical direc- 

. tion, the long arm of the lever must fiUl 



In the use of the lever, what pioportioii is there between the finoe of the 
diort arm, and the velodtj of the long ann ? How Is this iUuBtiated 1 It 
k aaid, thai the velocity of the power downwaide, most be in pio^rtion to 
that of the weight npwazde? jOoes it make any diflerenoe, in this lespect, 
^diether the madune be simple or oonpoand 1 What is tto golden nue of 
mechanics^ Under what name b this law known? Explain fig. 61, and 
ahow how the rule is iOnstratedby that figuiiB. 
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ten inches in a vertical direction, and therefore the velocity 
of a would be ten times the velocity of h. 

The application of this law, or nue, is apparent. The pow- 
er is one pound, and the space through which it falls is 10 inch- 
es, therefore 10x1=10. The weight is 10 pounds, and ihe 
space through which it rises is one inch, therefore IxlO^alO. 
Thus the power, multiplied by the space through which it 
moves, is exactly equal to the weight, multiplied by the space 
through which it moves. 

Fig. G2. Again, suppose the lever, 

fig. 62, to be thirty inches 

long from the fulcrum to the 

point where the power p is 

^ suspended, and that the 

'. weight w is two inches from 

yi/^\the fulcrum. If the power 

• be 1 pound, the weight must 

} be fifteen pounds, to produce 

/ equilibrium, and the power 

/' p must fall thirty inches, to 
raise the weight w two inch- 
es. Therefore the power be- 
ing 1 pound, and the space 
90 inches, SOxl^^SO. The weight oeing 15 pounds, ana the 
space 2 inches, 15x^»=90. 

Thus the power, multiplied by the space through which it 
fiills, and the weight, multiplied by the space through which 
it rises, are equal. 

However complex the machine may be, by which the force 
of a descending power is transmitted to the weight to be raised, 
the same rule will apply, as it does to the action of the sim- 
ple lever. 

The Pulley. 

A pulley, consists of a wheel, which is grooved on the edge, 
and which is made to turn on its axis, by a chord passing 
over it 




Enilein%. €3,«ad ihow howte 
ift Mid of ^ apftealioii of this role to 
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^^^L^* Fig. 63 represents a simple pulley^ 

^fl^ with a. single fixed wheel. In oUier 

^VV forms of the machine, the wheel moyes 

^*^^\ up and down, with the weight. 

\ ' ^ The pulley is arranged among the 

\ simple mechanical powers; but when 

\ several are connected, the machine is 

yf pulley Sy or a compound 



V. called a system oj 

O^^ pulley. 
^ One of the m 
) of the pulley is, i1 



most obvious advantages 
pulley is, its enabling men to exert 
their own power, in places where they cannot go themselves. 
Thus, by means of a rope and wheel, a man can stand on the 
deck of a ship, and hoist a weight to llie topmast. 

By means of two fixed pulleys, a weight may be raised up- 
ward, while the power moves in a horizontal mrection. The 
weight will also rise vertically through ti^e same space that 
the ro^ is drawn horizontally. 

^- ^' Fig. 64 represents two fixed 

pulleys, as they are arranged for 
such a purpose. In the erec- 
tion of a lofty edifice, suppose 
the upper pulley to be suspend- 
ed to some part of the building ; 
then a horse, pullibg at the rope 
a, would raise the weight w 
vertically, as far as he went 
^ horizontally. 

>^ In the use of the wheel of the 
^ pulley, there is no mechanical 
advantaj^e, except that which 
arises from removing the friction, ana diminisning the imper- 
fect flexibility of the rope. 

In the mechanical enects of this machine, the result would 
be the same, did it slide on a smooth surface with the same 
ease that its motion makes the wheel revolve. 

Theaction of the pulley is on a dififerent prindple from that 
of the wheel and axle.* (A system of wheels, as already ex- 
plained, acts on the same principle as tfie compound lever. 

What is a simple pnltey 1 What is a system of miHeys, or a oompound 
poDey? What u the most obvious advantage of the pulley 1 How must 
two nxed puHeys be placed, to raise a weight vertically, as ur ai the power 
goes horizontaUy 1 What is the advantage of the wheel of the pulley 1 




But the ^ecbanicsl efficacy of a system of pulleys, ia deriTed 
entirelv from the dirui^ of the weight among the strings em- 
ployed In suspending it|r In the use of the single _^ei pulley, 
there can be^i^^ mechaiiica] advantage, since the weight rises 
OS fast as the power descends. Thrt is obvious by fig. 63 ; 
where it is also apparent that the power and weight must be 
exactly equal, to balance each other. 
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In the single moveable pulley, fig. 66, the 
same rope passes from the fixed point a, to 
the power -p. It is evident, here, that the 
weight is supported equally by the two parts 
of the stnng between which it hangs. 
Therefore, if we call the weight w ten 
pounds, fire pounds will he supported by 
one string, and five by the other. The pow- 
er, then, will support twice its own weisht, 
so that a person pulling with a force ot^ve 
pounds/ at j>, will nuae ten pounds at to. 
The mechanical force, therefore, in respect 
, to the power, is as two to one. 

In this example, it is supposed there are only 
two n^s, each of which bears an equal part of 
the weighL 

If the number of ropes be increased, die 
weight may be increased with the same power ; 
or the pt^er may be diminished in proportion 
as the number of ropes is increased. In fig. 66, 
- the number of ropes sustaining the wei^t 
is four, and therefore, the weight may be tour 
times as great as the power. This [^nciple 
must be evident, since it is plain that each :rope 
sustains an equal part of the weight. Ine 
weight may therefore be considered as divided 
into four parts, and each part sustained by one 
rope. 

In fig. 67, there is a system of pulleys repre- 
sented, in which the weight is sixteen times 
the~ power. 

How Joes the Kctian of the poDey difier from thai ol 
the wheel and aile 1 h there an; mechanical ftdfai 
in the fixed pulley 1 What weight at p, fig. 65, 
' ■ w 1 SoppoBB the number of Ki 
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^« ^' The tension of the rope <2, e, is 

f evidently equal to the power, 9, be* 
cause it sustains it: (2, being a 
moveable pulley, must sustain a 
weight equal to twice the power; 
but the weight which it sustains^ 
is the tension of the second rope, 
dj c. Hence the tension of th^ se- 
cond rope is twice thai of the first; 
and, in like manner, the tension of 
the third rope is twice that of the 
second, and so on, the weight being 
equal to twice the tension of the 
last rope. 

Suppose the weight w, to be sXx* 
teen pounds, then the two ropes, 
8 and 8, would sustain just 8 pounds 
each, this bein^ the whole weight 
divided equally between them* 
The next two ropes, 4 and 4, 
would evidently sustain but half 
this whole weight, because the 
other half is already sustained by 
a rope, fixed at its upper end. The 
next two ropes sustain but half of 4r for the same reason ; 
and the next pair, 1 and 1, for the same reason, will sustain 
only half of 2. Lastly, the power p, wiU balance two pounds, 
because it sustains but half this weight, the other half being 
sustained by the same rope, fixed at its upper end. 

It is eviaeni^ that in tbis system, each rope and pulley 
which is added, wOl double the effect of the whole. Thus, by 
adding another rope and pulley beyond 8, the weight w might 
be 92 pounds, Instead of 16, and still be balanced by the same 
power. 

In our calculations of the efifects of pullies, we have allowed 
nothing for the weight of the pullies themselves, or for the 
friction of the ropes. In practice, however, it will be found, 




Suppoee the vm^X, fig. 66, to be 32 pounds, what wiH each rope hearl/ 
Ezpiam fig. 67, and sliow what put of the weight each rope suBtaiiw, and 
1^ 1 poond at p, wiS balance 16 pounds at w. Explain the reason why 
mA tuM^Aatal rope and pidlej wiU doable the effect of ^ whole, or why 
its weight may be double by that of aO the oihen, with the mme power. 
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that Ipearlj one tfaircy must be allowed for fnction» and that 
the power, therefore, to actually raise the weight, must be 
about <me third greater than has been allowed. 

The pulley, like other machines, obeys the law of virtual 
velocities, already applied to the lever and wheel. Tkus^ *' in 
a system ofpuUies^ me ascent of the weighty or resistance^ is 
as much less than the descent of the power j as the wetght is 
ffreater than the power J^ If, as m the last example, the weight 
n 16 pounds, ana the power 1 pound, the weight will rise only 
one foot, while the power descends 16 feet. 

In the single fixed pulley, the weight and power are equaU 
and consequently, the weight rises as fast as the power de- 
scends. 

With such a pulley, a man may raise himself up to the mast 
head by his own ^eight. Suppose a rope is thrown over a 
pulley, and a maii ties one end of it round his body, and takes 
the other end in his hands. He may raise himself up, because, 
by }>ullin^ with his hands, he has the tK)wer of throwing more 
of his weight on that side than on the other, and when he does 
this, his body will rise./ Thus, although the power and the 
weight are the same individual, still the man can change his 
cen&e of gravity, so as to make the power greater than the 
weight, or the weight ^eater Uian tne power, and thus can 
elevate one half his weight in succession. 

The Inclined Plane. 

The fourth simple mechanical power is the inclined plane. 
Fig. 68. This power consists of a plain, 

^smooth sur&ce, which is ii^clined 
^ towards, or from the earth./ It is 
represented by fiff. 68, where from 
a to 5 is the inclined plane ; the 
line from d to a, is its height^ and 
that from 5 to <2, its ha^se, ^ 

A board, with one end on the 
^ound, and the other end resting 
on a block, becomes an incuned plane. 

This maohine, being both useful and easily constructed, is 
in very general use, especially where heavy bodies are to be 
raised only to a small height. Thus a man, by means of an 

In compound machines, how much of the power must be allowed fat the 
ftictkm 1 How may a man niie himself up by means of a rope and 
fixed pulley ? What is an inclined plane 1 
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inclined plane, which he can readiJjr construct with4 board, 
or couple of barsy can raise a load into his wagon, which ten 
men could not lift with their hands. 

The power required to force a given weight up an inclined 
|dane, is in a certain proportion to its height, and the length of 
Its base, or, in other woras, the force must be in proportion\to 
the rapidity of its inclination. '^ \ 

Fig. 69. The power o, ^g. 69, 

pulling a wei^t up the 
inclined plane, from c to 
d, only raises it in a per- 
pendicular direction from 
e to (2, by acting along 
the whole length of the 
plane« If the plane be 
twice as long as it is high, 
that is, if the line from c to d be double the length of that from 
etodj then one pound atp will balance two pounds any where 
between d and c. It is evident, by a glance at this ng., that 
were the base, that is, the line from e to c, lengthened, the 
height from e to d beinff the same, Aat a less power at p^ 
would bdance an equal height any where on the inclined 
plane ; and so, on the contrary, were the base made shorter, 
that is, the plane more steep, the power must be increased in 
proportion. 

Fig. 70. / Suppose two inclined planes, 

il^. 70, of the same height, 
with bEtses of different lengSis ; 
then the weight and power 
will be to each other as the 
length of the planes. K the 
length from a to 5, is two feet, 
and that from b to c, one foot, 
then two pounds at d will balance four pounds at ir, and so in 
thisproportion, whether the planes be longer or shorter. 

The same principle, with respect to the vertical velocities 
of the weight and power,( applies to the inclined plane, in com- 
mon with the other meclAnical powers.] 

On what oocaoons is this power chiefly usedl Suppose a man wants to 
load a barrel of dder into his wagon, how does he make an inclmed plane 
for this purpose 1 To roll a ffiven weight up an inclined plane, to whatmoil 
tfaefince be pioportioiiedl Explain fig. G9. If the length of the long plane, 
fig. 70, be doable that of the shral one, what most be t& proportion betwesA 
me power and the weightl 
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^- 71. Suppose tbe inclined plane, fig. 

71, to be two feet from a to &, and 
one foot 'from c to hy then, as we 
have already seen by fig. 69, a pow- 
er of one pound at p, would bal- 
ance a weight of two pounds at w. 
Now, in the fall of the power to 
draw up the weight, it is obvious 
that its vertical descent must be just 
twice the vertical ascent of the 
weight ; for the power must fall 
down &e distance from a to 6, to draw the weight that dis- 
tance ; but the vertical height to which the weight w is raised, 
is only from c to &. Thus the power, being two pounds, must 
fall two feet, to raise the weight, four pounds, one foot ; and 
thus the power and weight, multiplied by the several velo- 
cities, are equal. 

The Wedge. 

The next simple mechanical power is the wedge^ This 
instrument may be considered aa two inclined planes, placed 
base to base. It is muc}i|[' employed for the purpose of split- 
ting or dividing solid bodies, such as wood and stone. ^ 

Fig. 72. Fig. 72 represents such a wedge as is usually 

employed in cleaving timber. This instrument is 
also used (in Rising ships and preparing them to 
launch,^ and for a variety of other purposes. 
^Nails, "awls, needles, )and many cutting instru- 
m^ts, act on the principle of this machine. 

There is much difficulty in estimating the pow- 
er of the wedge, since this depends on the force, 
or the number of blows given it, together with 
the obliqui^ of its sides. A wedge of great ob- 
liquity would require hard blows to drive it for- 
ward, for the same reason that a plane much in- 
clined, requires much force to roll a heavy body 
up it. But were the obliquity of the wedge, and 




What is said of the application of the law of vertical velocities to the id- 
clined plane 1 .£xplain bji. 70, and show why the power must fall twice as 
fiur as tne weight rises. On what principle does the wedge act 7 In what 
cases is this power useful 1 What common instruments act on the prindple 
of the wedge 1 What difficulty is Uieie in estimating the power of the wedge 1 
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the force of each blow given, still it would be difficult to as- 
certain the exact power of the wedge in ordinary cases, for, 
in the splitting of timber, and stone, for instance, the divided 
parts act as levers, and thus greatly increase the power of the 
wedger Thus, in a log of wood, six feet lon^, when split one 
half of its length, the other half is divided with ease, because 
the two parts act as levers, the lengths of which constantly in- 
crease, as the cleft extends from the wedge. 

7%e Screw. 

The screw is the fifth and last simple mechanical power. 

It may be considered .as a modification of the inclined plane,' 

or as a winding wedge, fit is an inclined plane running spi- 

Fig. 73. Wally round a spindle, ;as will be seen 

by ng.^73. Suppose a to be a piece 
of paper cut into the form of an in- 
clined plane, and rolled round the 
piece of wood d; its edge would 
form the spiral line, called the 
thread of the screw. 

If the finger be placed between 
the two threads of a screw, and the- 
screw be turned round once, the 
finger will be raised upward equal to the distance of the two 
threads apart. In this manner the finger is raised up the in- 
clined plane, as it runs round the cyUnder. 
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Fig. 74. 




The power of the screw is trans- 
mitted and employed by means of 
another screw called the nut, through 
which it passes. This has a spiral^ 
groove running through it, which ex- 
actly fits the thread of the screw. 

If the nut is fixed, the screw itself, 
on turning it round, advances forward; 
but if the screw is fixed, the nut, when 
turned, advances alon^ the screw. 

Fig. 74, represents tne first kind of 
screw, being such as is- commonly 
used in pressing paper, and other 
substances. The nut, n, through which 



On what principle does the screw act 1 How is it shown that the screw 
is a modification of the inclined plane 1 Explain fig. 74. Which is the screWj 
and which the nut 1 
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the screw passes, answers also for one of the beams of the 

Sress. If the screw be turned/ to the.rightjit will adrance 
ownwards, while the nut stand? still. 

FSg. 75. A screw of the second kind is 

.i^ represented bv fig. 75. /In this, 

the screw is fixed, while' the nut, 
n, by being turned by the lever, L, 
I firom left to right, will advance 
^ down the screw.; ^ 

In practice, the screw is ^ever 
used as a simple mechanical ma- 
chine; ijie power being always 
applied by means of a lever, pass- 
ing through the head of the screw, 
as in ^g, 74, or into the nut, as in 
fig. 75. 

The screw, therefore, acts with 
the combined power pf the inclined plane and the leverL and 
its force is such as t6 be limited only by the strength of the 
materials of which it is naade. 

In investigating the effects of this machine, we must, there- 
fore, take into account both these simple mechanical powers, 
so that the screw now becomes really a compound engine. 

In the inclined plane, we have already seen, that the less it 
is inclined, the more easy is the ascent up it In applying the 
same principle to the screw, it is obvious, that the greater the 
distance t)f the threads from each other, the more rapid the 
inclination, and consequently, the greater must be the power 
to turn it, under a given weight. ' On the contrary, if the 
thread inclines downwards but slightly, it will turn with less 
power/for the same reason that a man can roll a heavy weight 
up a plane but little inclined./ Therefore, the finer the screw, 
or the nearer the threads to each other, the greater will be the 
pressure under a given power. 

Let us suppose two screws, the one having the threads one 
inch apart, and the other half an inch apart; then /the force 
which the first screw will give with the same power at the 

Which way most the serew be turned, to make it adv&noe through the 
nut 1 How does die fciew. %. 75^ difier ftom £g. 74? Is the screw ever 
used as a simple machine 1 jBy what other simple power is h moved 1 What 
two simple mechanical powers are oonoemea in the force of the screw % 
Why does the neaineM of the threads make a difeenoe in the finee of the 
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lever will be oniy half that given by the second.) The second 
screw must be turned twice as many times round as the first, 
to go through the same space, but what is lost in velocity is 
gained in power. At the lever of the first, two men would 
raise a given weight to a given height by making one revolu- 
tion ; while at tire lever of the second, one man would raise 
the same weight to the same height, by making two revolu- 
tions. 

It is apparent that the length of the inclined plane, up 
which a body moves in one revolution,vis the circumference 
of the screw, and its height, the interval between the threadsik 
The proportion of its power would therefore be *' as the cir- 
cumference of the screw, to the distance between the threads, 
so is the weight to the power." 

By this rule the j)ower of the screw alone can be found ; 
but as this machine is moved by means of the lever, we must 
estimate its force by the combined power of both. In this 
case, the circumference described by the end of the lever em- 
ployed, is taken, instead of the circumference of the screw 
itself. The means by which the force of the screw may be 
found, is thereforeflby multiplying the circumference which the 
lever describes by The power. Thus, ^f the power multiplied 
by the circumference which it de$crihes}4$ equal to the weight 
orresistance^ multiplied by the distance between the two contig- 
uous threadsi^* Hence tne efficacy of the screw majr be in- 
creased, ft>y increasing the length of the lever by which it ifi 
turned, oV by diminishing the distance between the threads^ 
l£, then, we know the length of the lever, the distance betweeh 
the threads, and the wei^t to be raised, we can readily cal- 
culate the power ; or, the power being given, and the distance 
of the threads and the length of the lever known, we can es- 
timate the weight the screw will raise. 
'^ Thus, suppose the length of the lever to be forty inches, the 
distance of the threads one inch, and the weight 8000 pounds ; 
required the power, at the end of the levqr, to raise the weight. 

The lever oeing 40 inches, the diameter of the circle, which 

Suppose one screw, with its threads one inch 'apart, and another half an 
inch apart, what will be their difference in fixxse ? What is the length of 
the inclmed plane up which a body moves by'one revolution of the screw ? 
Wliat would be the neight to which the same oody would move at one levo- 
hition 1 How is the force of the screw estimated 1 How may the efficacy 
of the screw be increased ? The length of the lever, the distance between 
the tfaieadB, and the weight, being known, how can the power be ftmnd % 
Give an example. 

8* 
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the end describes, is 80 inches. The circumference is a ]it^ 
tie more than three times the diameter, but we wfll call it 
just three times. Then 60x3«:240 inches, the circumfer- 
ence of the circle. The distance of the threads is 1 inch, and 
the weight 8,000 pounds. To find the power, Multiply the 
weight by the distance of the threads, and divide by the cir- 
cumference of the circle. ' Thus 

circum. in. - weight, power, 

240 + 1 :: 8000 » 33* 
The power at the end of the lever must therefore be 33| 
pounds. In practice this power would require to be increas- 
ed about one third, on account of friction. 

The force of the screw is sometimes employed to turn a 
whee], by acting on its teeth. In this case it is called the 
^ferpetual scretSi 

Fig. 76. Fig. 76 represents such a ma- 

3_X^ chine. It is apparent, that by turn- 
ing the crank c, the wheel will re- 
volve, for the tliread of the screw 
passes between the cogs of the 
wheel. By means of jan axle, 
through the centre of this wheel, 
like the common wheel and axle, 
this becomes an exceedingly pow- 
erful machine, but like all other 
contrivances for obtaining great 
power, its effective motion b ex 

. ceedingly slow. It has however 

some disadvantages, and particulany the ^eat friction between 
the thread of the screw and the teeth of tne wheel, which pre- 
vents it from being generally employed to raise weights. 

We have now enumerated and described'all the mechani 
cal powers usually denominated simple. /They are i&ve in 
number, namely, the Lever, Wheel and Axle, Pulley, Wedge, 
Inclined Plane, and Screw. 

. In respect to the principle on which they act, they may be 
resolved into three simple powers, namely, the lever, the in- 
clined plane, and the pulley ; foi!jt has been shown that the 
wheel and axle is only anomer form of the lever, and that the 
■crew is but a modification of the inclined plane J 

What b the screw called when it is ein{doyed to turn a wheel ? What is 
the object of this machine for raising weights ? How many simple media- 
Bical powers aie there 1 and what are they called 1 How can they be le* 
solveu into three simple powers 1 
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It is surprismg indeed, that these simple powers can be bo 
arranged and modified, as to produce the different actions in 
all that vast variety of intricate machinery which men have 
invented and constructed. 

The variety of motions we witness in the little engine which 
makes cards, by bein^ supplied with wire for the teeth, and 
strips of leather to stick them through, would itself seem to 
myolve more loechanical powers man those enumerated. 
This engine takes the wire from a reel, bends it into the form 
"df teeth ; cuts it off; makes two holes in the leather for the 
tooth to pass through ; sticks it through ; then fives it another 
bend, on the opposite side of the learner ; graduates the spa* 
ces between the rows of teeth, and between one tooth and 
another ; and at the same time, carries the leather backwards 
and forwards, before the point where the teeth are introduced, 
with a motion so exactly corresponding with the motions of 
the parts which make and stick the teeth, as not to produce 
the difference of a hair^s breadth in the distance between theny 

All this is done without the aid of human hands, an^ far^ 
ther than to put the leather in its place, and turn a crank; or, 
in some instances, many of these machines are turned at 'once, 
by means of three or four dogs, walking on an inclined plane 
which revolves. 

Such a machine displays the wonderfid injgenuity and per- 
severance of man, and at first sight woula seem to set at 
naught the idea that/ the lever and wheel' were the chief sim- 
ple powers concerned in its motions. But when these motions 
are examined singly and deliberately, we are soon convinced 
that the wheel, variously modified, is the principal mechanical 
power in the whole engine. 

It has already been stated, that notwithstanding the vast 
deal of time and ingenuity which men have spent on the con* 
struction of machinery, and in attempting to multiply their 
powers, there has, as yet, been none produced, in which the 
power was not obtained at the expense of velocity, or veloci- 
ty at the expense of power ; and therefore no lictual force is 
ever generated by machinery. 

^^uppose a man able to raise a weight by means of a oHn- 
pound piiDey of ten ropes, which it would take ten men lo 

- - - I LI I 1~ ■ ■ _ 

Whatis said of the card-maidi^ machine 1 What are the chief mechani- 
eal powers concerned in its motions 1 U there any actual fiNpoe generated 
uy machinery 1 Can great velocity and great fozee be prodooed by the ssmi 
machineiyl. Whynoti 
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raise by one rope, without pulleys. If the weight is f o be 
raised a yard, th& ten men by puUin^ their rope a yard wiU do 
the work. But the man with tne pimeys must draw his rope 
ten ya^ds to raise the weight one yard, and in addition to this, 
he lias to overcome the mction of the ten pulleys, making 
about one third more actual labor than was ^nployed by the 
ten men. ' But notwithstanding these inconveniences, the use 
of machinery is of vast importance to the world. 

On board of a ship, a few men will raise an anchor with a 
capstan, which it would take ten or twenty times the same 
number to raise without it, and thus the expense of shipping 
men expressly for this purpose is saved. 

One man with a lever, may move a stone which it would 
take twenty men to move without it, and though it should take 
him twenty times as long, he would still be the ffainer, since 
it would be more convenient, and less expensive for him to do 
the work himself, than to employ twenty others to do it for 
him. 

When men employ the natural elements as a power to over- 
come resistance by means of machinery, there is a vast savin? 
of animal labor. Thus mills, and all kinds of engines, which 
are kept in motion by the power of water, or wind, or steam, 
save animal labor equal to the power it takes to keep them in 
motion. 



HYDROSTATICS. 

Hydrostatics' is the science which treats of the weight, 
pressure, and equilibrium of water, or other fluids, when m a 
state of rest.' 

Hydraulics \s that part of the science of fluids which treats 
of water in motion, and the means of raising aj^d conducting 
it in pipes, or otherwise, for all sorts of purposes. 

The subject of water at rest, will first claim Investigation, 
since the laws which regulate its motion will be best under- 
stood by first comprehending those which regulate its pres- 
sure. 

! A jLuid is a substance whose particles are easily moved 
among each other, as air and water. 

Whicli per&nxM the greatert labor, ten men who lift a ^^ ht with their 
hands, or one man who does the same with ten pulleys 1 Wnyl What is 
hydrostaticsl How does hydraulics cfifferfiomhydzostatiesi Whatisafloidl 
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The air is called an elastic fluid, beeaose it is easOy com- 
pressed into a smaller bulk, and returns again to its original 
state when the pressure is removed. Water is called a Tton* 
elastic fluid, because it admits of -4^ittle diminution of bulk 
under pressure. 

The non-elastic fluids, are perhaps more properly called 
liquids^ but both terms are employed to signifyf water and 
omer bodies possessing its mechanical properties. The term 
fluid, when applied to uie air, has the word elastic before it. 

One of the most obvious properties of fluids, isjlhe fiicility 
with which they yield to the impressions of other Bodies, and 
the rapidity with which they recover their former state^ when 
the pressure is removed! The cause of this, is apparently 
the freedom with idiich the particles of liquids slide over, or 
amon? each other ; their cohesive attraction being so sfight 
as to be overcome by tlie least, impression. >On this want of 
cohesion among their particles seem to deptod Nthe peculiar 
mechanical properties of these bodies^ 
(In solids, there is such a connexion between the particles, 
that if one part moves, die other part must move also. But 
in fluids, one portion of the mass may be in motion, whOe the 
other is at rest.'^ In solids, the pressure is always downwards, 
or towards the dentre of tlie earth's gravity ; but wl fluids the 
particles seem to act on each other as wedges, and hence, 
when confined, the pressure is sideways, and even upwards^ 
as well as downwards. 

Fig. 77. Water has commonly been called a non-elastic sid)- 
stance, but it is found that under great pressure its 
volume is diminished, and hence it is proved to be 
elasticf The most d^isive experiments on this sub- 
ject w^re made within a few years by Mr. Perkins. 
The experiments were made by means of a hollow 
\A cylinder, fig. 77, which was closed at the bottom, and 
made water tight at the top, by a cap, screwed on* 
Through this cap at a, passed the rod 6, which was 
five sixteenths of an incn in diameter. The rod was 
so nicely fitted to the cap, as also to be water ii^ht 
Around the rod at c, there was placed a flexible nng, 
which could be easily pushed up or down, but fitted so 
closely as to remain on any part where it was placed 

What is an elagtic fluid'} Why is air called an elastic fluidl What 
sabstances are cdUed liquids 1 What is one of the most obvious propertiet 
of liquid&? On what do the peculiar mechanical propeities of fluids depend 1 
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A cannon of sufiicient size to receive this cylinder, which 
was three inches in diafioeter, was furnished with a strong 
cap and forcing pump, and set vertically into the ground. The 
cannon and cylinder were next filled with water, and the cylin- 
der, with its rod drawn out, and the ring placed down to the 
cap, as in the figure, was plunged into the cannon. The 
water in the cannon was then sul^ected to an immense pres- 
sure by means of the forcing pump, after which, on examina- 
tion of the aj^)aratus, it was found that the ring c, instead of 
being where it was placed, was eight inches up the rod. The 
water in the cylinder being compressed into a smaller space, 
by the pressure of that in the cannon, the rod was driven in, 
while under pressure, but was forced out again by the expan- 
sion of the water, when the pressure was removed. Thus the 
ring on the rod would indicate the distance to which it had 
been forced in, during the greatest pressure. 

This experiment proved that water under the pressure of 
one thousand atmospheres, that is, the weight of 15000 pounds 
to the square inch, was reduced in bulk about one part in 

a4. 

So slight a degree of elasticity under such immense pres- 
sure, is not appreciable under ordinary circumstances, and 
therefore in practice, or in common experiments on this fluid, 
water is considered as; non-elastic. 

Equal pressure of Water. 

The particles of water, and other fluids, when confined* 
press on the vessel which confines them, in all directions, both 
upwards, downwards, and sideways. 

From this property of fluids, together witH their weight, or 
gravity, very unexpected and surprising effects are produced. 

The eflect of this property, which we shall firstexamine, is, 
tfiat a quantity of water, however small, will balance another 
quantity however large. Such a proposition at first thought 
miffht seem very improbable. But on examination, we shall 
finS that an experiment with a very simple apparatus will con- 
vince any one of its truth. Indeed, we every day see this 
principle established by actual experiment, as will be seen 
directly. 

■■■'■■■ ' I I I I II mm^r^.^,mmmmmmt 

In what respect does the pressure of & fluid dif&r from that of a solid 1 
Is water an elastic, or a non-elastic fluid 1 Describe fi^. 77, and show how 
water was found to be elastic. In what proportion does the bulk of water 
diminish under a pressure of 15000 pounds to the square inch 'i In common 
experiments, is water considered eiastie, or non-elastie? When water is 
confined, in what direction does it press 1 
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Fig. 78. Fig. 78) represents a common coflfee-pot, 

supposed to be filled up to the dotted line a, 
vnm a decoction of coffee, or any other 
liquid. The coffee, we know, stands exactly 
at the same height, both in the body of the 
pot, and in its spout. Therefore, the small 
quantity in the spout, balances the large 
quantity in the pot, or presses with the same 
force downwards, as that in the body of the pot presses up- 
waj^s. This is obviously true, otherwise, the large quantity 
would sink below the dotted line, while that in the spout would 
rise above it^ and run over.' 

Fig. 79. The same principle is more strikingly 

illustrated by iig. 79. 
■ I & Suppose the cistern a to be capable of 

^' ' "jI holding one hundred gallons, and into its 

bottom there be fitted the tube b, bent, as 
If seen in the figure, and capable of contain- 
ing one gallon. The top of the cistern, 
and that of the tube being open, pour wa- 
ter into the tube at c, and it will rise up 
through the perpendicular bend into the 
cistern, and if the process be continued, 
the cistern will be filled by pouring water 
iLto the tube. Now, it is plain that the gallon of water in the 
tube, presses against the hundred gallons in the cistern with a 
force equal io the pressure of the hundred gallons, otherwise 
that in the tube would be forced upwards higher than that in 
the cistern, whereas, we find that the surfaces of both stand 
exactly at the same height. 

From these experiments we learn, " that the pressure of a 
fluid is not in proportion to its quantity, but to its height, and 
that a large quantity of water in an open vessel, presses 
downwards wuh no more force, than a small quantity of the 
same height,*^ 

In this respect, the size or shape of a vessel is of no conse- 
quence) for if a number of vessels, differing entirely from each 
other in figure, position, and capacity, have a communication 
made between them, and one be filled with water, the sur- 

*~^ — ~ - — — - " — - - — - — — ^-— ^^^ 

How does the experiment with the coffee-pot, show that a small quantity 
of lift^uid win baXance a large onel Explain %. 79, and show how the presa- 
nre m the tube is equal to the pressure in the cistern. What conclusion, or 

Sneral truth, is to be drawn m>m these experiments 1 What difference does 
B shape or siae of a vessel make in respect to the pressure of a fluid on its 
bottom) 
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ftce of the fluid, in all, will be at exactly the same eleyation. 

If, therefore, the water stands at an equal height in all, the 

pressure in one must be just equal to that in another, and so 

equal to that in all the others. 

Fig. 8a 




To make thb obvious, suppose a number of vessels, of dif- 
ferent shapes and sizes, as represented by fig. 80, to have a 
communication between them, by means of a small tube, pass* 
ing from the one to the other. I^ now, one of these vessels 
be filled with water, or if wiiter be poured into the tube a, ^11 
the other vessels will be filled, at tne same instant, up to the 
line by c. Therefore, the pressure of the water in a, balances 
that in 1, 2, 3, ^c, while tne pressure in each of these vessels, 
is equal to that in the other, and so an equilibrium is produced 
throughout the whole series. 

If an ounce of water be poured into the tube aj[it will pro- 
duce a pressure on the contents of all the other vessels, equal 
to the pressure of all the others on the tube ; for, it will force 
the water in all the other vessels to rise upwards to an equal 
height with that in the tube itself.^ Henceptre must conclude, 
that the pr<essure in each vessel, is not omy ecjual to that in 
any of the -others, but also that the pressure m any one, is 
equal to that in all the others. ) 

From this we learn, that the shape or size of a vessel has 
no influence on the pressure of its liquid contents, but that the 
pressure of water is as ^ts heiffht,ywhether the quantity^ be 
great or small. We learn also, that^in no case will the weight 
of a quantity of liquid, however large, force another quantity, 
however small, above the level of its own surface. 

Explain fig. 80, and show how the equilibrium is produoed. Supoose aa 
oonoe Gf water be poured into the tube a, what will be its effect on the coqp 
tents of the other vessels 1 What conclusioa is to be drawn tnm pouring the 
ouDoe of water into the tube a 1 
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' Tliis k proved by expenment ; far if, from a pond sitnated 
on a mountain, water be conveyed in an inch tube to the valley 
an hundred feet below, the water will rise Just a hundred feet 
in the tube ; that is, exactly to the level of the surfkce of the 
pond. Thud the water in the pond, and that, in the tube, press 
. equally against each other, ana produce an exact equilibrium. 
' Thus far we have considered the fluid as acting only in ves- 
sels with open mouths, and therefore at liberty to seek its ba- 
lance, or equilibrium^ by its own ^vity. Its pressure, we 
have seen, is in proportion to its height, and not to its hulk. 

Now, by other experiments it is ascertained that the pres- 
sure of a liquid is in proportion to its height, and its area at 
the b<ise. 

Suppose a vessel ten feet high, and 
two feet in diameter, such as is repre- 
sented at c, fig. 81, to be filled with 
water; there would be a certain amount 
of pressure, say at c, near the bottom. 
Let d represent another vessel, of the 
same diameter at the bottom, but only 
a foot high, and closed at the top. 
^ Now if a small tube, say the fourth oi 
an inch in diameter, be inserted into 
the cover of the vessel d, and this tube' 
be carried to the height of the ves?«ri 
0, and then the vessel and tube be fill- 
ed with water, the pressure on the bot- 
j toms and sides of both vessels to the 
same height will be equal, and jets of 
water starting from d, and c, will have exactly the same force. 
This might at first sedm improbable, but to convince our- 
selves of its truth, we have only to consider that any^irapres- 
sion made on one portion of tne confined fluid in the vessel 
d, is instantly communicated to the whole mass/ Therefore, 
the water in the tube b presses with the same force on every 
other portion of the water in d, as it does on that small portion 
over which it stands. 
This principle is illustrated in a very striking manner by 

mmt\. m _^ L ■__ - __- r- ' ' '~ ■ ■ ■ 

What is the wason that a large quantity of water will not foree a small 

quantity* above its own level 1 is the foroe of water in proportion to its 

beigfat, or i^ (pantity 1 Haw is a small quantity of water shown to pwM 

-equal to a kuge quantity by fig. 81 1 Exj^ain the reason why the prwwure 

is as great at d, as at c. 

ft 
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the experiment, which has often been made, of bursting the 
strongest wine cask with a few ounces of water. 

Fif(. 82. Suppose a, fig, 8% to be a strong cask already 

y filled with water, and suppose the tube 5, thirty 

feet high, to be screwed, water tight, into its 
head. When water is poured into the tube, so 
as to fill it gradually, the cask will show increas- 
ing si^s of pressure, by emitting the water 
through the pores of the wood, and oetween the 
joints : and nnally as the tube is filled, the cask 
will burst asunder. 

The same apparatus will serve to illustrate the 
upward pressure of water ; for if a small stop- 
cock be fitted to the upper head, (m turning this, 
when the tube is filled, a jet of water will spirt 
up with a force, and to a height that will aston- 
isn all who never before saw such an experi- 
ment 

In theory, the water will spout to the same 
height witH that which gives the pressure, but in 
practice, it is found to fall short, in the following proportions:' 
If the tube be twenty feet high, and the orifice for the jet 
half an inch in diameter, the water will spout* tiearly nineteen 
feet' If the tube be fifty feet high, the jet will rise upwards 
of forty feet, and if an hundred feet, it will rise 'above eighty 
feet. ^ It is understood in every case, that the tubes are to be 
kept full of water. 

The height of these jets show the astonishin| effects that a 
small quantity of fluid produces when pressing from a perpen- 
dicular elevation. 

An instrument called the hydrostatic bellows, also shows, 
in a striking manner, (lie great force of a small quantity of 
water, pressing in a perpendicular direction 

This instrument consists of two boards, donnected together 
with strong leather, in the manner of the common bellows. 
It is then furnished with a tube a, fig. 83, which communi- 
cates between the two boards. A person standing on the 
upper board, may raise himself up by pouring water into the 
tube. If the tube holds an ounce of water, and has an area 

How is the same princii^e illustrated by %. 82 ? How is the upwaid 
piessuie of water illustrated by the same apparatus ? Under the pressure of 
a column of water twenty feet high, what will H)e the height of the jet 1 
Under a pressure of a hundred feet, how high will it rise 1 
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Fig. 81 



^' ®« equal to a thousandth part of the area 

of the top of the bellows, one ounce oif 
water in the tube will balance a thou- 
sand ounces placed on the bellows. 

This property of water was applied 
by Mr. firamah to the construction of 
his hydraulic press. But instead of a 
high tube of water, which in most cases 
could not be readily obtained, he sub- 
stituted a strong forcing pump, and in- 
stead of the leather bellows, a metallic 
pump barrel, and piston. 

This arrangement will be'understood 
by fig. 84, where the pump barrel, a, 6, 
is represented as divided lengthwise, in 
order to show the inside. The 
piston, c, is fitted so accurately 
to the barrel, as to work up and 
down water tight; both barrel 
and pistoQ being made of iron* 
The thing to be broken, or 
pressed, is laid on the fiat sur- 
face, t, there being above this, 
a strong frame to meet the 
pressure, not shown in the 
fi^re. The small forcing pump, 
of which d' is the piston, and h 
the lever by which it is worked, is also made of iron. 

Now, suppose the stuice between the small piston and the 
large one, at Wy to be filled with water, then, on forcing down 
the small piston, df, there will be a pressure against the larffe 
piston, c, tne whole force of which will be in proportion as the 
apertur^ in which c works, is greater than that in which d 
works. , If the piston, d, is half an inch in diameter, and the 
piston, c, one foot in diameter, then the pressure on c will be 
576 times greater than that on d. Therefore, if we suppose 
the pressure of the small piston to be one tori, the large piston 
will be forced up against any resistance, with a pressure equal 

What is the hydrostatic bellows 7 What property of water is this instru- 
ment designed to showl Explain fig. 84. Where is the piston ? Which is 
the pump barrel, m which it works f In the hydrostatic press, what is the 
proportion between the pressure given by the snuJl piiton, and the force ex- 
erted on the laige one? 
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to the weight of 576 tons. It would be easy fora single man 
to give the pressure of ft ton ut d, by means of the lever, and 
tlierefore a man, with* this engine, would ^ be able to exert a 
force equal to the weight of near [600 tons) 

It is evident, that the force to be obtained by this principle, 
can only be limited by the strength of the materials of which 
the engine is made. . Thus, if a pressure of two tons be given 
to a piston, the diameter of which is only a quarter of an inch, 
the force transmitted to the other piston, if three feet in dia- 
meter, would be upwards of 40,000 tons/; but such a force is 
much too great for the strength of any material with which 
we are acquainte''. 

A small quantity of water, extending to a great elevation, 
would give the pressure above described, it being only for the 
sake of convenience, that the forcing pump is'employed, in- 
stead of a column of water. 

There is no doubt, but in the operations of nature, Weat 
effects are sometimes produced ,^mong mountains, by a ^mall 
quantity of water finding its way to a reservoir in the crevices 
of the rocks far beneath. 

Fig. 85. Suppose, in 

the interior of 
a mountain, Bs^ 
85, there should 
be a space of 
10 yards square, 
and an inch 
deep, filled with 
water, and clo- 
sed up on all 
sides; and sup- 
pose that in the 
course of time, a small fissure, no more than an inch in dia- 
meter, dhould be opened by the water, from ihi height of two 
hundred feet above, down to this little reservoir. The con- 
sequence might be, that the side of the mountain would burst 
asunder, for the pressure, under the circumstances supposed, 
would be equal to the weight of ^ve thousand tons. 

What is the esthuated force which a man eould ^ve by one of these en- 
|rme0 1 If the pressure of two tons be made on a piston of a Quarter of an 
inch in diameter, what will be the force transmitted to the other piston of 
three &et in diameter? What is said of the pressure of water in the crevices 
of mountains, and the consequences 1 





WATEB X^VEL. lOl 

Water Level. ^ 

We have seen, th^t in whatever situation water is placed, it 
always tends to seek a level, Thus,^if several vessels com- 
municating with each other be filled with water, the fluid will 
be at the same height in al] Jand the level vvUl be indicated by 
a straight line drawn through all the vessels,' as in fig, 80. 

It is on the principle of this tendency, that the litue instru- 
ment called the water level is constructed. 

Fig. 86. (The form of this instru- 

ment is represented by hg. 
86. It consists of a, 6, a 
tube, with its two ends 
turned at right angles, and 
left open. »Into one of the 
ends is poured water or mercury, until the fluid rises a little 
in the angles of the tube. On the surface of the fluid, at 
each end, are then placed small floats, carrying upright frames, 
across which are drawn small wires or hairs, as seen at c and 
d. j These hairs are called the sight s^ and are across the line 
of the tube. 

It is obvious that this instrument will alwavs indicate a le- 
vel, when the floats are at the same height, in respect to each- 
other, and not in respect to their comparative heights in the 
ends of the tube, for if one end of the instrument be held 
lower than the other, still the floats must always be at the same 
height. To use this level, therefore, we have only to bring the 
two sights, so that one will range with the other ; and on pla- 
cing the eye at e, and looking towards d, this is determined in 
a moment. 

This level is indispensable in the construction of canals and 
aqjueducts, since the engineer depends entirely on it, to ascer- 
tain whether the water can be carried over a given hill or 
mountain. 

Fig. 87. The common spirit level consists of 

a glass tube, fig. 87, filled with spirit of 
wine, excepting a small space in which 
there is left a bubWe of air. This 
bubble, when the instrument is laid on 

On what jHiiiciple is the water-hBvel constructed? Describe the mtuuier 
in which the level with siffhts is used, a«d Hie reason why the floats win al- 
ways be at the same h^ht. What is the use of the fevell Desdfbe thd 
oonunon spirit level, and the method of using it 

9* 
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a level surface, will be. exactly iu the middle of the tube, and 
therefore to adjust a level, it is only necessary to bring the 
bubble to this position. 

The glass tube is enclosed in a brass case, which is cut out 
on the upper side, so that the bubble may be seen, as repre- 
sented in tlie figure. 

This instrument is employed by builders to level their work, 
and is highly convenient for that purpose, since it is only ne^ 
cessary to lay it on a beam to try its leve}l 

Specijic Gravity. 

If a tumbler be filled with water to the brim, and an ege, or 
any other heavy solid, be dropped into it, a quantity of the 
fluid, exactly equal to the sjze of the egg, or other. solid, will 
be displaced, and will flow over the side of the vessel. Bodies 
which sink in water, therefore, displace a quantity of the fluid 
equal to their own bulks. 

Now, it is found, by experiment, that when any solid sub- 
stance sinks in water, it loses, while in the fluid, a portion of 
its weight, just equal to the weight of the bulk of water which 
it displaces. This is readily made evident by experiment. 

Fig. 88. Take a piece of ivory, or 

any other substance that will 
sink in water, and weigh it 
accurately in the usuieil man- 
ner; then suspend it by a 
thread, or hair, in the empty 
cup a, flg. 88, and' then ba- 
lance it, as shown in the 
figure. NoM^pour water into 
the cup, and it will be found 
that the suspended bodv wdll 
lose a part of its weight, so 
that a certain number of trains must be taken from the oppo- 
site scale, in order to make the scales balance as before the 
water was poured in. The number of grains taken from the 
opposite scale, show the weight of a^quantity of water equal 
to the bulk of the body so suspended. 

When a solid is weighed in water, why does it lose a part of its weight? 
How mudi less will a cubic inch of any substance weigh in water than in 
air 1 How is it (Moved by fig. 88, that a bcdy weighs less in water than in 
airt What is tlie specific gravity of a bod^? How are the specific gravities 
of solid bodies taken 1 v 
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Tt is. on the principle, that bodies wd^h less in the water, 
than they do wnen weighed out of it, or in the air, that water 
becomes^ the means of ascertaining their specific gravities, for 
it is by comparing the weight of a body in the water, with what 
it weighs out of it, that its specific gravity is determined. 

Thus, suppose a cubic inch of gold weighs 19 ounces, and 
on being weighed in water, weighs only 18 ounces, or loses a 
nineteenth part of its weight, it will prove that ffold, bulk for 
bulk, is nineteen times heavier than water, and uus 19 Would 
be the specific gravity of gold. And so if a cube of copper 
weigh 9 ounces in the air, and only 8 ounces in the water, 
then copper, bulk for bulk, is 9 times as heavy as water, and 
therefore has a specific gravity of 9. 

If the body weigh less, bulk for bulk, thair water, it is obvi- 
ous that it will not sink in it, and therefore weights must be 
added to the lighter body, to ascertain how much less it weighs 
than water. ' ' 

The specific gravity of a body, then, is merely its weiffht, 
compared with me same bulk of water i and water is thus 
made the standard by which the weighti of all other bodies 
are compared. 

To take the specific gravity of a solid which sinks in water, 
first weigh the body in the usual manner, and note down the 
number of grains it weighs. Then with a hair, or fine thread, 
suspend it&om the bottom of the scale-dish, -in a vessel of 
water, as represented by fig. 88. As it weighs less in water, 
weights must be added to the side of the seale where the body 
is suspended, until they exactly balance each other. Next 
note down the number of grains so added, and they will show 
the difference between the weight of the body in air, and in 
water J 

It ik obvious^hat the greater the specific gravi^ of the body, 
the less, comparatively, will be this difiSerenceiTbecause each 
body displaces only its own bulk of water, and some bodies of 
the same bulk, will weigh many times as much as others. 

For example, we will suppose that a piece of platina, weigh- 
ing 22 ounces, will displace an ounce of wat^r, while a piece 
or silver, weighing 22 ounces, will displace two ounces of 
water. The platina, therefore, when suspended as above de- 
scribed, will require one ounce to make the scales balance. 

Why does a heaify body w^h comparatively leis in the water than a 
fij^tone? 
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while the same weight of silver will require two Qunces for 
the same purpose. The platina, therefore, bulk for bulk, will 
weiffh twice as much as the silver, and will have tmce as 
much specific gravity. 

Having noted down the difference between the weight of 
the body in air and in water, as above explained, the specific 
gravity is foundfby dividing the weight in air, by the loss in 
water. ^ TJfie greater the loss, therefor^, the less will be the 
specifib gravity, the bulk being the same. 
yThus, in the above example, 22 ounces of platina was sup- 
posed to lose one ounce in water, while 22 ounces of silver 
lost two ounces in water. Now 22, divided by 1, the loss of 
the platina, is 22 ; and 22 divided by 2, the loss in the silvei, 
is 11. So that the specific gravity of platina is 22, while that 
of silver is 11. The specific gravities of these metals, we, 
hoivever, a Iktle less than here estimated. J [For other methods 
of taking specific gravity^ see Chemistry^ 

Hydrometer. 

The hydrometerf is an instrument, by which the specific 
gravities of fluids are ascertained, by the depth to which it 
sinks below their surfaces.^ 

Suppose a cubic inch of lead loses, when weighed in water, 
253 grains, and when weighed in alcohol, only 209 grains^ 
then, according to the principle already recited, a cubic inch 
of water actually weigns/253, 'and a cubic inch of alcohol 
209 grains, for when a body i9lveighed in a fluid, it loses just 
the weight of the fluid it displaces. , 

Water, as we have already seen, is the standard by which 
the weights of other bodies are compared, and by ascertaining ' 
what a given bulk of any substance weighs in water, and then 
what it weighs in any other flufd, the comparative weight of 
water and this fluid will be known. For i^ as in the above 
example, a certain bulk of water weighs 253 grains, and the 
same bulk of alcohol only 209 grains, then alc^ol has a spe* 
cific gravity, nearly one fourth less than water* 

It is on this principle that the hydrometer is constructed. 



**» 



Having token the diffeience between the weight of a body in air and ia 
water, by what rule is its specific gravity found 1 Give the example stated, 
and show how the difference between the specific gravities of platina and ^ver 
b ascertained. What is the hydrometer f Suppose a cubic inch of any sub- 
■tanoA weighs 353 gtaiim lem in water than in air, what is the actual weisht 
of a cubic mch of water 1 On what principle is the hydrometer founded ? 



(l 



HYDROMCTER. 



105 



It is composed of a ho]low ball of glass, or metal, with a gra- 




duated scale rising from its upper part, and a weight on its 
under part, which serves to balance it in the fluid, i 

Such an instrument is represented by fig. 
99, of which/6 is the graduated scale, and a 
the weight, the hollow ball being between 
them.^ 

To prepare this instrument for use, weights, 
in ^rams, or half grains, are put into the Kttle 
ball a, until the scale is carried down, so that 
a certain mark on it coincides exactly with the 
surface of the water! ^This mark then becomes 
the standard of comparison between water and 
any other liquid, in which the hydrometer is 
placed. / If plunffed into a fluid lighter than 
water, it will sink, and consequently the fluid 
will rise higher on the scale. If the fluid is 
heavier than water, the scale will rise above 
the surface in proportion, and thus it is ascertained, in a mo- 
ment, whether any fluid has a greater or less specific gravity 
than water! ^ 

To know precisely how much the fluid varies from the stand- 
ard, the scale is marked oflTinto degrees, which indicate grains 
by weight, so that it is ascertained, very exactly, how much 
tna specific gravity of one fluid diflfers from that of another. 

/Water being the standard by which the weights of other 
substances are compared, it is placed as the unit, or point of 
comparison, and is therefore 1, 10, 100, or 1000, the ciphers being 
added whenever there are fractional parts expressing the speci- 
fic gravity of the body.^^ It is always understood, therefore, that 
the specific gravity of water is IJ and^hen it is said a body 
has a specific gravity of 2, it is only meant, that such a body 
is, bulk for bulk, twice as heavy as wHter. If the substance is 
lighter than water, it has a specific gravity of 0, with a frac- 
tional part Thus alcohol has a specific.gravity of 0,809, that 
is 809, water being 1000. 

How is this uiflkrument formed 1 How \a the hydrometer prepared for use 1 
How is it known, \y^ this instrument, whether the fluid is nghter or heavier 
then water 1 What is the standard by which the weights of other bodies are 
compared ? What is the specific sravity of water 1 ^ When it is said that 
the specific gravity of a body is C w 4, what meaning is intended to be 
conveyed 1 
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By means of this instrument, it can be told with great aceu^ 
racy how much water has been added to spirits, for the great- 
er the quantity of water, the hi^er will the scale rise above 
the surface. 

The adulteration of milk with water, can also be readily- 
detected with it, for as new milk has a specific gravity of 1032, 
water being 1000, a very small quantity of, water mixed with 
it would be indicated by the instrument. (See Specific Gravi- 
ty in Chemistry,) « 

7%c Syphon* 

'ake a tube, bent like the letter U, and having filled it with 
wktei, place a finger on each end, and in this state plunge one 
of the ends into a vessel of water, so that the end in the water 
shall be a little the highest, then remove the fingers, and the 
liquid will flow out, and continue to do so, until the vessel is 
exhausted.^ 

A tube a^cting in this manner, is called a syphon, and is re- 
presented by fig. 90. The reason why the water flows from 

the end of the tube a, and conse- 
quently ascends through the other 
part, is, that there is a greater weight 
of the fluid from bio a, than from c 
to b, because the perpendicular 
height from 5 to a is the greatest. 
The weight of the water from 6 to a 
falling downwards, by its gravity, 
tends to form H vacuum, or void 
space, in that leg of the tube ; but 
the pressure of the atmosphere on 
the water in the vessel, constantly 
forces the fluid up the other leg of the tube, to fill the void 
space, and thus the stream is continued as long as any water 
remains in the vesseL / 

The action of the syphon depends upon the same principle 
as the action of the pump, namely, the pressure of the atmo- 
sphere, and therefore its explanation properly belongs to Pneu- 
matics. It is introduced here merely for the purpose of illus- 
trating the phenomena of intermitting springs ; a subject which 
properly belongs to Pneumatics. ^^ 

Alcohol has a specific gravity of 809 ; what, in reference to this, is the spe- 
cific gravity of water 1 In what manner is a syphon made 1 Explain the le^tr 
son why the water ascends through one leg of the syphoi^, anddescenda 
through the other. 
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Some springs, skuated on the sides of mountauuu flow for a 
while with great violence, and then cease entirely. After a 
time tbey begin to flow again, and then suddenly stop, as be- 
fore. 'These are called intermitting springs. Among i^o- 
ranl and superstitious people, these strange appearances nave 
been attributed to witcncrafl, or the influence of some super- 
natural power. But an acquaintance with the laws of nature 
will dissipate such ill founded opinions, by showing that they 
owe their peculiarities to nothing more than nature syphons, 
existing in the mountains from whence the wat^r flows; 

Fig. 91. 




Fig. 91 is the section of a mountain and spring, showing 
how the principle of the syphon operates to produce the efiect 
described. Suppose there is a crevice, or hollow in the rock, 
from ^ to &, and a narrow fissure leading from it, in the form 
of the syphon b c. The water, from the rills/, e, filling the 
hollow, up to the line a ,d, it will then discharge itself through 
the syphon, and continue to run until the water is exhausted 
down to the leg of the syphon 5, when it will cease. Then 
the water from the rills continuing to run until the hollow is 
again filled up to the same line, me syphon again begins to 
act, and again discharges the contents of the reservoir as be- 
fore, and Uius the spring p, at one moment, flows with great 
violence, and the next moment ceases entirely. 

The hollow, above the line ad^ia supposed not to be filled 
with the water at all, since the syphon begins to act whenever 
the fluid rises up to the bend d, 

What b an intermittiiiffiprinff 1 How is the phenomenon of the intei^ 
mitting spring explained lExpIam fig. 91, and show the reason why such a 
spring wul flow, and cease to flow, alternately. 
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During the &ry seasons of the year, it Is obvious, that snch 
« sprinff would cease to flow entirely, and would berin again 
only when the water from the mountain filled the cavity 
tfirough die rills. / 

Such springs, although not very common, exist in various 
parts of the world. Dr. Atwell has described one in the Phi- 
losophical Transactions, which he examined in Devonshire, in 
England. The people in the neiffhborhood, as usual, ascri- 
bed its actions to some sort of witchery, and adrised the doctor, 
in case it did not ebb and flow readily, when he and his friend 
were both present, that one of them should retire, and see 
what the spring would do, when only the other was present. 
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It has been stated, that hydrostatics is that branch of Natu- 
ral Philosophy, which treats of the weight, pressure, and equi- 
librium of fluids, and that Hydraulics has for its object the 
investigation of the laws which regulate fluids in motionl 

If the pupil has learned the principles on which the pressure 
and equilibrium of fluids depend, as explained under the for- 
mer article, he will now be prepared to understand the laws 
which ffovern fluids when in motion. 

Theipressure of water downwards, is exactly in tlie same 
proportioq to its height, as is the pressure of solids in the same 
direction. ; 

Suppose a vessel of three inches in diameter has a billet 
of wood set up in it, so as to touch only the bottom, and sup- 
pose the piece of wood to be three feet long, and to weigh 
nine pounds ; then the pressure on the bottom of the vessel 
will be nine pounds. If another billet of wood be set on this, 
of the same dimensions, it will press on its top with the 
weight of nine pounds, and the pressure at the bottom will be 
18 pounds, and if another billet be set on this, the pressure at 
the bottom will be 27 pounds, and so on, in this ratio, to any 
height the column is carried.) 

Now tjfie pressure of flirids^s exactly in the same proportion ; 
and wlien confined in pipes, may be considered as one short 
colunm set on another, each of which increases the pressure 
of the lowest, in proportion to their number and heignt 

How does the science of HyOrosfciticS differ from that of Hydraulics 1 Does 
the downward pressure of watyr drffer frw«<the downward pressure of solids, 
in proportion 1 How is the downwftn} prossure of water iilustrsted 1 
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Hg. 93. 



e 



Fig. 93. 



Thus, notwithstanding the lateral pressure of 
fluids, their downward pressure is as their heights. 
This fact will be found 9f importance in the invest 
tigation of the principles of certain hydraulic ma- 
chines, and we nave therefore endeavoured to im- 
press it on the mind of the pupil by ^g. 92. where 
it will be seen, that if the pressure of three feet of 
water be equal to nine pounds on the bottom of 
.fo the vessel, the pressure of twelve feet will be equal 
to thirty-six pounds. 

The quantity of water which will be discharged 
from an orifice of a given size, twill be in propor- 
^tion to the height of the column of water above it, ^ 
for the discharge will increase in velocity, in pro-'^ 
portion to the pressure, and the pressure, we have 
already seen, will be in a fixed ratio to the 
height 

If a vessel, fig. 93, be fil- 
led with water, and three 
apertures be made in its side 
at the points a, 5, and c, the 
fluid will be thrown out in 
jets, and will fell towards the 
earth, in the curved lines, a, 
i, and c. The reason why 
these curves differ in shape, 
is, viat the fluid is acted on 




by two forcesi namely ,\ the 
*- pressure of the water above 



the jet, which produces its velocity forward, and the action of 
gravity, which impels it downward. ' It therefore obeys the 
same laws that solids do when projected forward, and falls 
down in curved lines, the shapes o^ )yhich depend on Uieir 
relative velocities.. 

The quantity of water discharged, being in proportion to 
the pressure, that discharged from each orifice will differ in 
quantity according to the height of the water above it. 

It is found, however, that the velocity with which a vessel 

Without Tefeience to the lateral pressure, in what proportion do fluids press 
downwards 7 What will be the proportion of a ftiia discharged fiom an oii- 
floe of a ffiven size 1 Why do the lines deaciibed by the jets from the vomoI , 
%. 93, difler in shape '^ 

10 
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discharges its contents, ^obs not^^epend entirely on the pres- 
sure, but in part (on the kind of orifice/ through which the 
liquid flows. It might be expected, for instance, that a tin 
vessel of a given capacity, witn an orifice of say an inch in 
diameter through its side, would part with its contents sooner 
than another of the same capacity and orifice, whose side was 
an inch or two thick, since the friction through the tin miffht 
be considered much less than that presented by the other 
orifice. But it has been found by experiment, that the tin 
vessel does not part with its contents so soon as another vessel, 
of the same height and size of orifice, from which the water 
flowed through a short pipe. And, on varying the length of 
these pipes, it is found that the most rapid discharge, other 
circumstances being equal, is through a pipe, whose length 
is twice jthe diameter of its orifice. Such an aperture dis- 
charged ' 82squarts, in the same time that another vessel of 
tin without the pipe, discharged 6^ quarts. 

This surprising difference is accounted for, by supposing 
that the cross currents, made by the rushing of the water firom 
diflerent directions towards the orifice, mutually interfere with 
each other, by which the whole is broken, and thrown into 
confusion by the sharp edge of the tin, and hence the water 
issues in the form of spray, or of a screw, from such an orifice. 
A short pipe seems to correct this contention among opposing 
currents, and to smooth the passage of the whole, ana hence 
we may observe, that from such a pipe, the stream is round 
and well defined. 

Friction between solids and fluids. 

The rapidity with which water flows through pipes of the 
same diameter, is found to depend much on the nature of 
their internal surfaces. Thus, a lead pipe with a smooth aper- 
ture, under the same circumstances, will convey much more 
water than one of wood, where the surface is rough, or beset 
with points. In pipes, even where the surface is as smooth as 

What two forces act upon the fluid as it is discharged, and how do these 
fi>rce6 produce a curved hne *? Does the velocity with which a fluid is di»- 
chajq^ed, depend entirely on the pressure 1 What circumstance, besides pres- 
sure, facilitates the discharge of water from an orifice 1 In a tube discharg- 
ing water with the greatest vdocity, what is the proportion between its dia- 
meter and its length 1 What is the proportion between the quantity of fluid 
<ti8^iarged through an orifice of tin, and through a short pipe 1 Suppose a 
lead and a glass tube, of the same diameter, which will dehver the greateflt 
quantity of liquid in the same time 1 
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glass, there is still considerable friction, for in all cases the 
water is found to pass more rapidly in the middle of the stream 
than it does on the outside, where it rubs against the sides of 
the tube. 

The sudden turns, or angles of a pipe, are also/tound to be 
a considerable obstacle to the rapid conveyance of the water, 
for such angles throw the fluid into eddies or currents, by 
which its velocity is arrested. 

In practice, therefore, sudden turns are generally avoided, 
and where it is necessary that the pipe should change jts direc- 
tion, it is done by means of as large a circle as convenient. 

Where it is proposed to convey a certain quantity of water 
to a considerable distance in pipes, there will be a great dis- 
appointment in respect to the quantity actually delivered, un- 
less the engineer takes into account the friction, and the turn- 
ings of the pipes, and makes large allowances for these cirr 
pumstances. If the quantity to be actually delivered ought to 
fill a two inch pipe, one of three inches will not be too ffreat 
an allowance, if the water is to be conveyed to any consider- 
able distance. 

In practice, it will be foimd that a pipe of two inches in 
diameter, one hundred feet long, will discharge/ about five 
times as much water as one of one inch in diameter of the 
same length, and under the same pressure. This difierence 
is accounted for,^'1)y supposing that both tubes *retard the mo- 
tion of the fluid, by friction, at equal distance from their in- 
ner surfaces, and consequently, that the effect of this cause is 
much greater in proportion, in the small tube, than in the 
lar^e one. j' 

The effect of friction in retarding the motion of fluids is 
perpetually illustrated in the flowing of rivers and brooks. 
Oh the side of a river, the water, especially where it is shal- 
low, is nearly still, while in the middle of the stream it may 
run at the rate of five or six miles an hour. For the same rea- 
son, the water at the bottoms of rivers is much less rapid than 
at the surface. This is often proved by the oblique position 
of floating substances, which in still water would assume a 
vertical direction. 

Why will the glass tube deliver most 1 What is said of the sudden turn- 
ings of a tube in retarding the motion of the fluid 1 How much more water 
vnd a two inch tube of a tiundred feet long discharge, than a one inch tube 
of the same length 1 How is this diffeience accounted for 1 How do riveii 
•how the effect of firiction in retarding the motion of their waten 1 
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' Thua, eu^oee the stick of wood e, fig. 
94, to be loaded at one end wiUi lead, of 
the same diameter as the wood, so as to 
make it stand upright in still water. In 
the current of a nver, where the lower 
end nearly reaches the bottom, it will in- 
cline as in the figure, because the water 
is more rapid towards the surface than at 
the bottom, and hence the tendency of 
the upper end to move faster than tlie low- 
I er one, gives it an incUnation forwards 
Machines for raising water. • 

The common pump, though a hydraulic machine, depends 
on the pressure of (he atmosphere for its effect, and therefore its 
esplanationcomesproperlyunderthearticle Pneumatics, where 
the consequences of atmospheric pressure will be illustrated. 
Such machines only, as raise water without the assistance 
of the atmosphere, come properly under the present article.' 
Among these, one of the most curious, as well as ancient 
machines, is the screw of Archimedes, and which was invent- 
ed by that celebrated philosopher, two hundred years before 
the Christian era, and then employed for nusing water and 
draining land in Egypt 




_. _ 3. large tube, fig. 96, coiled around a ahafl 

of Vood to keep it in place, and give it support. Both ends of 

EipluD tg. 94. Who ia ntd to have been the inTentoi oT ArchimeiW 
ncew 1 Explain tliia machine, u r^maeotsd ia fig. 95, and daw how tbs 
w*tei y dented bj tumii^ it. 
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the tube are open, the lower one being dipped into the water 
to be raised, and the upper one discharging it in an intermit- 
ting stream. The shaft turns on a support at each end, that 
at we upper end being seen at Oy the lower one being hid by 
the water. As the machine now stands, the lower btend of 
the screw is filled with water, since it is below the surface e, d. 
On turning, it by the handle, from left to right, that part of 
tihe screw now filled with water will rise above the surface c, d, 
and the water having no place to escape, falls into the next 
lowest part of the screw ate. At the next revolution, that 
portion which, during the last was at e, will be elevated to g*, for 
the lowest bend will receive another supply, which in the mean 
time will be transferred to e, and thus b^ a continuance of this 
motion, the water is finally elevated to tlye' discharging orifice p. 
This principle is readily illustrated by winding a piece of 
lead tube round a walking stick, and then turning the whole 
with one end in a dish of water, as shown in the ngure. 

Fig. 96. Instead of this method, water was some- 

times raised bv tbe ancients, by means of a 
d^ rope, or bundle of ropes, as shown at fig. 
96. 

JThis mode illustrates in a very striking 

manner the force of friction between a solid 

and fluid, for it was by this force alone, 

^^^^■■PHU that the water was supported and elevated. 

^ I The large wheel a, is supposed to stand 

over the well, and b, a smaller wheel, is 
fixed in the water. The rope is extended 
between the two wheels, and rises on one 
side in a perpendicular direction. On turn- 
ing the wheel by the crank c2, the water is 
brought up by the friction of the rope, and 
falling into a reservoir at the bottom of the 
firame which supports the wheel, is discharged at the spout <L 
It is evident that the motion of the wheel, and consequently 
that of the rope, must be very rapid, in order to raise any con- 
siderable quantity of water by this method. But when the 
upward velocity of the rope is eight or ten feet per second, a 
large quantity of water may be elevated to a -considerable 




height by this machine. 

the dififerent modes of applying water as a power for 



f, 



or 



How may the principle of Archimedes' screw he leadily illustrated 1 £z- 
-~ In wluit maoner water is raised hy the machiiie lepiefeiited hy fig. 9& 
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driring mills, and other useful purposesy we must refer the 
reader to works on practical mecnanics. There is, howevcri 
one method of turning machinery by water, invented by Dr. 
Barker, which is strictly a philosophical, and at the same time 
a most curious invention, and therefore is properly introduced 
here. 

This machine is called Barker's 
'centrifugal milU find such parts of it 
as are necessary to understand the 
principle on which it acts are rep- 
resented by fig. 97. 

IPhe upright cylinder a, is a tube 
which has a funnel shaped mouth, 
for the admission of the stream of 
water from the pipe 5. This tube is 
six or eight inches in diameter, and 
may be from. ten to twenty feet long. 
The arms n and*o, are also tubes 
communicating freely with the. up- 
right one, from the opposite sides of 
which they proceed. The shaft d, 
is firmly fastened to the inside of the 
tube, openings at the same time be- 
ing left for the water to pass to the 
arms o and n. The lower part of 
the tube is solid, and turns on a point 
resting on the block of stone or iron, c. The arms are closed 
at their ends, near which there are orifices on the sides op- 
posite to each other, so that the water spouting from them, 
will fiy in opposite directions. The stream from the pipe 6, 
is regulated by a stopcock, so as to keep the tube a constantly 
full without overflowing. 

To set this engine in motion, suppose the upright tube to 
be filled with water, and the arms n and o, to be given a 
slight impulse ; the pressure of the water from the perpendi- 
cular column in the large tube will give the fluid a velocity of 
discharge at the ends of the arms proportionate to its height. 
The reaction that is produced by the flowing of the water on 
the points behind the discharging orifice, will continue* 
and increase the rotatory motion thus begun. After a 
few revolutions, the machme will receive an additional im- 
pulse by tlie centrifugal force generated in the arms, and 

What is fig. 97 intended to represent? Describe tliil noU. 
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in consequence of this, a much more violent and rapid dis- 
charge of the water takes place, than would occur by the pres- 
sure of that in the upright tube alone. The centrifugal force 
and the force of the disdiarge thus acting at the same time, and 
each increasing the force of the other, this machine revolves 
with great velocity and proportionate power. The friction 
which it has to ovel-come, when compared with that of other 
machines, is very slight, being chiefly at the point c, where 
the weight of the upnght tube and its contents is sustained. 

By fixing a cog wheel to the shaft at d, motion may be 
given to any kind of machinery required. 

Where the quantity of water is small, but its height consi- 
derable, this machine may be employed to great advantage, it 
being under such circumstances one of the most powerfm en- 
gines ever invented. 



PNEUMATICS, 

The term Pneumatics is derived from the Greek pneuma^ 
which signifies breath, or air. /it is that science whicn investi- 
gates the mechanical properties of air, and other elastic fluids.] 

Under the article hydraulics, it was stated that fluids were 
of two kinds, namely, 'eZo^^td and non-elastic, and that air and 
the gases belonged to the first kind, while water and other 
liquids belonged to the second. 

The atmosphere which surrounds the earth, and in which 
we live, and a portion of which we take into our lungs at eve- 
ry breath, is called air, while the artificial products which 
possess the same mechanical properties, are called ffases. 

When, therefore, the word air is used, in whit follows, it 
will be understood to mean the atmosphere which we breadie. 

Every hollow, crevice, or pore, in solid bodies not filled 
'with a liquid, or some other substance, appears to be filled 
with air : thus, a jtube of any length, the bore of which is as 
small as it can be made, if kept open, will be filled with air ; 
and hence, when it is said that a vessel is filled with air, it is 
only meant that the vessel is in its ordinary stated Indeed, thit 
fluid finds it^way into the most minute pores of all substances, 
and cannot be expelled and kept out of any vessel, without the 
assistance of the air pump, or some other mechanical means. 

What is pneumatics? What is air? Whatiagasl What is meant when^ 
it is said that a Teasel is filled with air ? Is theie any difficulty in ezpeliix^ 
the air from vessels? 
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By the elasticity of air, is meant its spring,! or the force 
with which it re-acts when compressed in a %se vesseL It 
is chieflyAn respect to its elasticity and lightness J that the me- 
chanical properties of air diflfer from those of water and other 
liquids. 

Elastic fluids differ from each other nn respect to the per- 
manency of the elastic property. ^ Thus, steam is elastic only 
while its heat is continued, and' on cooling returns again to 
the form of water. 

Some of the gases also, on being stronjriy compressed, lose 
their elasticity, and take the form of liqums. But air differs 
from these, in being permanently elastic ; that is, if it be com- 
pressed with ever so much force, and retained under com- 
pression for any length of time, it does not therefore lose its 
elasticity, or disposition to regain its former bulk, but always 
Fig. 98. re-acts with a force in proportion to the power by 
^' which it is compressed. J 

Thus, if the strong tube, or barrel, fig. dS, be 
smooth, and equal on the inside, and there be fit- 
ted to it the solid piston, or plug a, so as to work 
up and down air tight, by tne nandle &, the air 
in the barrel may be compressed into a space a 
hundred times less than its usual bulk. Indeed, 
if the vessel be of sufficient strength, and the 
1^ force employed sufficiently- great, its bulk may 
be lessened a thousand times, or in any propor- 
tion,* according to the force employed ; and if 
kept in this state for years it will regain its for- 
^ mer bulk the instant the pressure is removed. 
Thus, it is a general principle in pneumatics, that 
air is compressible in proportion to the force employed. 

On the contrary, when the usual pressure of the atmosphere 
is removed from a portion of air, it expands and occupies a 
space larger than before ; and it is found by experiment that 
this expansion is in a ratio, as the removal of the pressure -is 
more or less complete. Air also expands or increases in 
bulk when heated. 

If the stop-cock c, fig. 98, be opened, the piston a may be 
pushed down with ease, because the air contamed in the barrel 
will be forced out at the aperture. Suppose the piston to be 

What is meant by the elusticity of air 1 How doe« air dif!fer from steam, 
and some of the gases, in respect to its elasticity 1 Does air lose its elastic 
ibrce by being long compressed Y In what proportion to the force employed 
is the bulk of air lessened 1 
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pushed down to witiiin an inch of the bottom, and then toe 
stop-cock closed, so that no air can enter below it Now, on 
drawing the piston up to the top of the barrel, the inch of air 
will expand and fill the whole space, and were this space a 
thousand times as hr^e, it woula still be filled with the ex* 
panded air, because me piston removes the pressure of the 
external atmosphere from that within the barrel. 

It follows, therefore, that the space which a given portion 
of air occupies, depends entirely on circumstances. If it is 
under pressure, its bulk will be diminished in exact proportion ; 
and^s the pressuri is removed, it will expand in proportion, 
so as' to occupy a thousand, or even a million times as much 
space as before. 

Another property which air possesses is weight, or gravity. 
This property, it is obvious, must be slight, when compared 
with the weight of other bodies. But that air has a certain 
de^ee of gravity, in common with other ponderous substan- 
ces^ is proved by direct experiment. Thus, if the air be 
pumped out of a close vessel, and then the vessel be exactly 
weighed, it will be found to weigh more when the air is again 
admitted. 

It is, however, the weight of the atmo^here which presses 

oft every part of the earth's surface, and in which we live and 

move, as in an ocean, that here particularly claims our attention. 

Fig. 99. The pressure of the atmosphere may be easily 

shown by the tube and piston, fig. 99. 

Suppose there is an orifice to be opened or closed 
by the valve b, as the piston a is moved up or down 
in its barrel. The valve being fastened by a hinge 
on one side, on pushing the piston down, it wUl 
open by the pressure of the air against it, and the 
air will make its escape. But when tKe piston is 
at the bottom of the barrel, on attempting to raise 
it again, towards the top, the valve is closed by the 
^ force of the external air acting upon it. If, there- 
fore, the piston be drawn up in this state, it must be 
against the pressure of the atinosphere, the whole 
weight of which, to an extent equal to the diameter 

■ ■■■■!■ I II » I I II ■ I II I II 1 I ^^^m» 

In what proportion will a quantity of air increase in bulk as the presBiire 
is removed from iti How is this iuustrated bj fig. 98? On what eiieom- 
stance, therefore, will the bulk of a pyea portion of air depend '{ How is il 
proved that air has weight 1 Explain in what manner the pressure of thp 
atmosj^eie is shown by fig. 99. 
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of the piston must be lifted, while there will remain a vacuum 
or void space below it in the tube. If the piston be only three 
inches in diameter, it will require the full strength of a man 
to draw it to the top of the barrel, and when raised, if sudden- 
ly let go, it will be forced back again by the weight ot the 
air, and will strike the bottom with great violence. 

Supposing the surface of a man to be equal to 141 square 
feet, and allowing the pressure on each square inch to be 151bs., 
such a man would sustain a pressure on his whole surface 
equal to nearly 14 tons. 

Now, that it is the weight of the atmosphere which presses 
the piston down(ls proved by the fact, that if its diameter be 
enlarged, a greater force, in exact proportion, will be required 
to raise it. And further, if when the piston is drawn to the 
top of the tube, a stop-cock, as at fig. 98, be opened, and 
the air admitted under it, the piston will not be forced 
down m the least, because then the air will press as much on 
the under, as on the upper side of the pistonJ 

By accurate experiments, an account of which it is not ne- 
cessary here to detail, it is found that the weight of the at- 
mosphere on every inch- square of the surface of the earth, 
is equal to fifteen pounds. If, then, a piston working air tight 
in a barrel, be drawn up from its bottom, the force employed, 
besides the friction, will be just equal to that required to lift 
the same piston, under ordinary circumstances, with a weight 
laid on it equal to fifteen pounds for every square inch of sur- 
face. 

The number of square inches in the sur&ce of a piston of 
a foot in diameter, is vli3.j This being multiplied by v the 
weight of the air on each inch, which being /15 poundsL is 
equal to 1695 pounds. Thus the air constantly presses on 
every surface, which is equal to the dimensions of a circle one 
foot in diameter, with a weight of 'J 69^ pounds. 

Air Pump. 

The air pum;f/^s an engine by which theair can be pump- 
ed out of a vessel, or withdrawn from it. fthe vessel so ex- 

What is the force pressing on the pston when drawn upward, sometamet 
called 1 How is it proved that it is the weight of the atmosphere, instead of 
suction, which makes the piston rise with difficulty 1 What is the pressure of 
the atmosphere on every square inch of surface on the earth 1 What is 
the numher of square inches in a circle of one foot in diameter 1 AVhat is 
the weight of the atmosphere on a surface of a foot in diameter 1 
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hausted is called a receiver^^^ad the space thus lefl in the yea* 
sel, after withdrawing the air, is called a i?<M;ttttm.\ 

The principles on which the air pump is constructed are 
readily understood, and are the same in all instruments of this 
kind, though the form of the instrument itself is often con- 
siderably modified. 

The general principles of its construction will be compre- 
h«ided by an explanation of fig. 100. In this figure let g be 
Fjg. 100. a glass vessel, or receiver, closed at 

the top, and open at the bottom, 
standing on a perfectly smooth sur- 
fiice, which is called the plate of the 
air pump. Through the plate is an 
aperture a, which communicates with 
the inside of the receiver, and the 
barrel of the pump. The piston rod 
d p works air tight through the stuffed 
/ collar c, and the piston also moves 
air tight through the barrel. At the 
extremity of the barrel there is a 
jL jk valve e, which opens outwards, and 
^2/ ^ is closed with a spring. 
Now suppose the piston to. be drawn up to c, it will then 
leave a free communication between the receiver g, through 
the orifice a, to the pump barrel, in which the piston works. 
Then if the piston be forced down by its handl^ it will com- 
press the air in the barrel between d and e, and in consequence 
the valve e will be opened, and the air so condensed will be 
forced out.] On drawing the piston up again, the valve will be 
closed, ana the external air not being permitted to enter,/ a 
vacuunoWill be formed in the barrel, from c to a little above d. 
CyHien the piston comes again to c, the air contained in the 
glass vessel, together with that in the passage between the 
vessel and the pump barrel, will rush into fill the vacuum. 
Thus, there will be less air in the whole space, and conse- 
quently in the receiver, than at first, because all that contain- 
ed in the barrel is forced out at every stroke of the piston. 




What 18 the air pump 1 What is the receiver of an air pump 1 What if 
a Tacauml In fig. 100, which is the receiver of the air pump 1 When the 
piston is pressed oown, what quantity of air is thrown out 1 When the pis- 
ton is drawn up, what is formed in the barrel 7 How is this vacuum again 
fiUedwHhairf 
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On repeating die mme procew, that is, dnving op and forcing 
down the piston, the air at each time in the receiver, will he- 
come lees and less in quantity, and, in consequence, more and 
more nrelied. For it must be understood, that although the 
air b exhausted at every stroke of the pnmp, that which re- 
mains, hy its elasticity expands, and still occupies the whole 
■pace. The quantity forced out at each successive stroke is, 
therefore, diminished, until, at last, it no longer has sufficient 
force before the piston to open the valve, when the exhausting 
[Ktwer of the instrument must cease entirely. 

Now, it will be obvious, that as the exhausting power of the 
sir pump depends on the expansion of ihe air within it, a per- 
fect vacuum can^heverybe formed by its means, for so long as 
exhaustion takes 'place, there must be air to be forced ont, and 
when this becomes so rare as not to force open the valvesi 
then the process must end. 

A good air pnmp has two similar pumfnng barrels to that 
descrn>ed, so that the procew of "exhaustion is performed in 
half the time that it could be performed by one barrel. 

Fig- If- The barrels, with their 

pistons, and the usual mode 
of working them, are re- 
presented by fig. 101 . The 
piston rods are furnished 
with racks, or teeth, and 
are worked by the toothed 
wheel a, which is tumeS 
backwards and forwards, 
' y the lever and handle i. 
The exhaustion pipe, c, 
leads to the plate on which 
the receiver stands, as 
shown in fig. 100. The 
valves n, n, u, ,and m, all 
open upwards.' 

To understand how these 

pistons act to exhaust the 

air firom the vessel on the plate, throngh the pipe c, we will 

suppose, that as the two pistons now stand, the handle ft is 

b the bIi pump espable of pmdudng ■ pcrftct neuon 7 Wttv do taar- 
man air pmnpa have moK than one barrel and piitoiil How an Uw (Mlwa 
of an air pomp woiked 1 



by th 
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to be turned towards the left. This will raise the piston A^ while 
the valv^ will be closefc.by the pressure of me external air 
acting oETit in the open' barrel in which it works. TheriB 
would then be a vacuum formed in this barrel^ did not the 
Talvef ^ openAand let in the air coming jfrom the receiver 
through the pipe c. When the piston, therefore, is at the up- 
per end of the barrel, the space between the piston and the 
raive m, Will be filled with the air from the receiver. Next 
suppose the handle to be moved to the right, the piston A 
will then descend, ^d compress the air with which the barrel 
is filled, which, acting against the valve u, forces it open, and 
thus the air escapes.^ Thus it is plain, that every time the 
piston rises, a portioir of air, however rarefied, enters the bar- 
rel, and every time that it descends, this portion escapes, and 
mixes with the external atmosphere. 

The action of the other piston is exactly similar to this, 
only that B rises while A falls, and so the contrary. It will 
appear, on an inspection of the figure, that the air cannot pass 
from one barrel to the other, cfor^while A is rising, and^the 
valve m is open, the piston B wiirbe descending, so that the 
force of the air in the barrel B, will keep the valve n closed J 
Many interesting and curious experiments, illustrating the 
expansibility and pressure of the atmosphere, are shown by 
this instrument. 

If a withered apple be placed under the receiver, and the 
air is exhausted, the apple will swell and become plump, in 
consequence of the expansion of the air which it contains 
within the skinJ 

Ether placed in the same situation, soon begins to boil with- 
out the influence of hea^ because its particles, not having the 
pressure of the atmosphere to force them together, fly offwith 
so much rapidity as to produce ebullition./ 

TTie Condenser, " 

The operation of the condfinser^ is the reversejof that of the 
air pumjp) and is a much more simple machine. The air piunp, 



While the piston A is ascending, which valves will he open, and which 
closed 1 When the piston A descends, what becomes of the air with which 
its barrel was filled 1 Why does not the air pass from one barrel to the other, 
through the valves m and nl Why does an apple placed in the ezhauated 
receiver grow plump 1 Why does ethef boil m th^ eame ^itiuitioiil How 
^oes the condenser operate 1 

Jl 
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ta we hare just seen, will deprive a Teasel of its ordKnaiy 
quantity of air. The condenser, on the contrary, will double. 
Fig. 103. or treble the ordinary quantity of air in a close 
vessel, according to the force employed. 

This instrument, fig! 102, consists of a pump 

barrel and piston a, a stop-cock 5, and the vessel 

c furnished with a valve opening inwards. The 

I P orifice d is to admit the air, when the piston is 

"'i drawn up to the top of the barrel. 

To describe its action, let the piston be above 
d, the orifice being open, and therefore the instru- 
ment filled with air, of the same density as the 
external atmosphere. Then, on forcing tne piston 
down, the air in die pump barrel, below the ori- 
fice, (2, will be compressed, and will rush through 
the stop-cock b, into the vessel c, where it will oe 
retained, because, on affain moving the piston up- 
ward, the elasticity of the air will close the valve 
through which it was forced. On drawing the 
piston up again, another portion of air will rush in 
at the orifice d, and on forcing it down, this will also be dri- 
ven into the vessel c ; and this process may be continued as 
long as sufficient force is applied to move the piston, or there 
is sufficient strength in the vessel to retain the air. When the 
condensation is finished, the stop-cock b may be turned, to 
render the confinement of the air more secure. 

The maga^nes of air ffuns are filled in the manner above 
described. fThe air gun is shaped like other guns, but instead 
of the force of powder, that of air is employed to project the 
bullet. For this purpose, a strong hollow ball of copper, with 
a valve on the inside, is screwed to a condenser, and the air 
is condensed in it, thirty or forty times. This ball or ma^- 
zine is then taken from the condenser, and screwed to me 
^n, under the lock. By means of the lock, a communication 
IS opened between the magazine and the inside of the gun- 
barrel, on which the spring of the confined air against the 
leaden bullet is such, as to mrow it with nearly the same force 
as gun-powder. J 



Ex^lain^. 102, and show in what manner the air UcondeDsed. Explain 
IhB pnnciple of the air gun. 
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Suppose 'O, fig. 1039 to be a lon^ tube with the- 
C piston 6, so nicely fitted to its inside, as to work 
air tight. ^ If the lower end of the tube be dip- 
ped into water, and the piston drawn up by pul- 
ling at the handle c, the water will fi>llow the 
piston so closely as to be in contact with its sur- 
face, and apparently to be drawn up by the pis- 
CU ton, as though tlie whole was one solid body. 
If the tube be thirty-five feet long, the water 
will continue to follow the piston, ftintil it comes 
to the height of about thirty-three Veet,J where it 
will stop, and if the piston be drawn up still far- 
ther the water will noti follow it, but will remain 
stationary, the space from this height, between 
the piston and the water, being left a void space, 
^Aracuun^ 

The rismg of the water in the above case, 
which only involves the principle of the common 
pump, is thought by some to be caused hj^uctwi^ 
Pthe piston sucking up the water as it iV drawn 
" upward. But accordmg to the common notion 
attached to this term, there is(1io/reason why the 
water should not co^itinue to rise above the thirty-three feet, or 
why the power of suction should cease at that point, rather 
than at any other. Without entering into any discussion on 
the absurd notions concerning the power of suction, it is sufii- 
cient here to state, that it has long since been proved, that the 
elevation of the water in the case above described, depends 
entirely onfthe weight and pressure of the atmosphere, on that 
portion of tne fluid which is on the outside of the tube, i Hence, 
when the piston is drawn up, under circumstances where the 
air cannot act on the water around the tube, or pump barrel, 
no elevation of the fluid vijll follow. This will be obvious, 
hy the following experiment. 

^ Suppose the tube, fig. 103, to stand with its lower end in the water, and the 
IHston a to be drawn upward thirty five feet, how far will the water follow the 
pistoa? What will remsdn in the tube between the piston and the water, 
after the piston rises higher than thirty-three feet 7 What is commonly sup- 
posed to make the Water rise in such cases? Is there any reason why the 
suction should cease at 33 feet 1 What is the true cause of the elevation of 
the water^ when the piston, fig. 103, is drawn upl 
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Suppose 6g. 104, to be the sections, or halvM of 
tvro tubes, one within the other, the outer one be- 
ing made entirely close, so aa to «dnilt no air, and 
the space between the two being also made air-tight 
at the top. Suppose, also, that the inner tube be- 
ing left open at the lower end, does not reach the 
bottom of the outer tube, and thus that an open space 
be left between the two tubes every where, except 
at their upper ends, where they are feslened toge- 
ther ; and suppose that there is a valve in the piston, 
opening upwards, so as to let the air which it con- 
tains, escape, but which will close on drawing the 
piston upwards. Now let the piston be at a, and 
in this state pour water through the stop cock, c, 
until the inner tube is filled up by the piston, and the 
^ space between the two lubes filled up to the same- 
point, and then let the stopcock be closed. If now 
the piston be drawn up to the top of the tube, the 
water will not follow it, as in the case first describ- 
ed ; it will only rise a few inches, in consequence 
of the elasticity of the air above the water, between 
the tubes, and in the space above the water, there 
will be formed a vacuum between the water and 
the piston, in the inner tube. 
Tjie reason why the result of this esperiment 
differs from that before described, is, that the outer tube pre- 
vents the pressure of the atmosphere from forcing the water up 
theinnertubeasthepiston rises. This maybe instantly proved, 
by opening the stop-cock c, and permitting the air to press up- 
on the water, when it will be found, that as the air rushes in, 
the water will rise and fill the vacuum, up to the piston. 

For the same reason, if a common pump be placed in a 
nstem of water, and the water is frozen over on the surface, 
BO that no* air can press upon die fluid, the pislonof the pump 
might be worked in rain, for the water would ' n^t, as usual, 
obey its motion. 

It follows, as a certain conclusion from such experiments, 
(that when the lower end of a tube is placed in water, and 
the air from within is removed by drawing up the piston, that 
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it 18 the pressure of the atmosphere^ on the water around the 
tuhe, which forces the fluid up to fill the space, thus left hy the 
air. ^ It is also proved, that the weight, or pressure of the atmos- 

Shere, is equal to the weight of a perpeiu|icular column of water 
3 feet high, for it is found (fig. 103,)(wat the pressure of the 
atmosphere will not raise the water more than 33 feet, though 
a perfect vacuum be formed to any height above this point. 
Experiments on otW fluids, prove that this is the^ weight of 
the atmosphere, foi/if the end of a tube be dipped in any fluid, 
and the air be removed from the tube, above the fluid, it will 
rise to a greater or less height, than water, in proportion as 
its specific gravity is less or greater than that of wate^ 

mercury^ or quicksilver, has a specific gravity of about 131 
time& greater than that of water, and mercury is found to rise 
about^29/hche| in a tube under the same circumstances that 
water rises 33^eet Now 33 feet is 396 inches, which, being 
divided by 29, gives nearly 13i, so that mercury being 13l 
times heavier than water, the water will rise under the same 
pressure 13i times higher than the mercury. 

Barometer. . 

The barometer is constructed on the principle of atmospheric 



Fig. 105. 




pressur^ which we have thus endeavoured to 
explain dad illustrate to common comprehen- 
sion. This term is compounded of two Greek 
words, 5aro5, weight, and metron, measure, the 
instrument being designed /to measure the 
weight of the atmosphere^ ^ 

Jts construction is simple, and easily under- 
stood, being merely a tube of glass nearly fill- 
ed with mercury, with its lower end placed in 
a dish of the same fluid, and the upper end 
furnished with a scale, to measure the height 
of the mercury. 

Let a, fig. 105, be such a tube, 34 or 35 
inches long, closed at one end and open at the 
other. To fill the tube, set it upright, and 
pour the mercury in at the open end, and 



What conclusion follows from the experiments above described 1 How is 
it proved, that the pressure of the atmosphere is equal to the weight of a 
Goramn of water, 33 feet highl How do exneriments on other fluids show 
that the pressure of the atmosphere is equal to the weight of a column of 
water 33 feet high 1 How hign does mercury rise in an exhausted tube 1 
What is the pmiciple on which the barometer b eonstructed 'l What does 
the barometer measure % 

11* 
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when it is entirely fuU, place the fore finger forcibly on ^dB 
end, and then plunge the tube and finger under the surface 
of Uie mercury, before prepared in the cup b. Then with- 
draw the finger, taking care that in doing this, the enfl of the 
tube is not raised above the mercury in the cup. When the 
finger is removed, the mercury will oescend four or five inch- 
es, and after several vibrations, up and down, will rest at an 
elevation of 29 or SO inches above the surface of that in the 
cup, as at c. Having fixed a scale to the upper part of the 
tube to indicate the nse and fall of the mercury, the barome- 
ter would be finished, if intended to remain stationary. It is 
usual, however, to have the tube inclosed in a mahogany or 
brass case, to prevent its breaking, and to have the cup closed 
on the top, and fastened to the tube. So that it can* be trans- 
ported without danger of spilling the mercury. 

The cup of the portable barometer also difiers from that 
described, for were the mercury inclosed on all sides, in a 
cup of wood, or brass, the air would be prevented from acting 
upon it, and therefore the instrument would be useless. To 
remedy this defect, and still have the mercury perfectly in- 
' closedirthe bottom of the cup is made of leather, which, be- 
ing elastic, the pressure of the atmosphere acts upon the mer- 
cury in the same manner as though it was not inclosed at allJ 
g^w the leather bottom there is a round plate of metal an 
ich in diameter, which is fixed on the top of a screw» so 
tfiat when the instrument is to be transported, by elevating 
this piece of metal, the mercury is thrown up to the top of 
die tube and thus kept from playing backwards and forwards, 
when the barometer is in motion* | 

A person not acquainted withnhe principle of the instru- 
ment, on seeing the tube turned bottom upwards, will be per- 
plexed to understand why the mercury does not follow the 
common law of gravity, and descend into the cup ; were the 
tube of glass 33 feet high, and filled with water, the lower end 
being dipped into a tumbler of the same fluid, the wonder 
would be still greater. But as philosophical facts, one is no 
more wonderful than the other, and both are readily explained 
by the principles above illustrated. 

Describe the construction of the barometer, as represented by fig. 105. 
How is the cup of the portable barometer made, so as to retain the mercuiy, 
and still allow the air to press upon it 1 What is the use of the metallic 
plate and screw, under the bottom of the cup 1 Explain the reason why the mer- 
ooiy does not fail out of the barometer tube, when its <^n end is downwards. 
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It has already been shown, thi^ it is the pressure of the 
atmosphere on the fluid around the tube, by which the fluid 
within it is forced upward, when the pump is exhausted of 
its air. The pressure of the air we have also seen, is equal 
to a column or water 33 feet high, or of a column of mercury 
29 inches high. Suppose, then, a tube 33 feet high is filled 
with water, the air would then be entirely excluded, and were 
one of its ends closed, and the other end dipped in water, die 
efl^ct would be the same as though both ends were closed, 
for the water would not escape, unless the air were permitted 
to rush in and fill up its place. The upper end being closed, 
the air could gain no access in that direction, and the open 
end being under water, is equally secure. The quantity of 
water in which the end of the tube is placed, is not essential, 
since the pressure of a column of water an inch in diameter, 
provided it be 33 feet high, is just equal to a column of air of 
an inch in diameter, of the whole height of the atmosphere. 
Hence the water on the outside of the tube serves merely to 
guard against the entrance of the external air. J 

The same happens to the barometer tube, when filled vnth 
mercury. The mercury, in the first place, fills the tube per- 
fectly, and therefore entirely excludes the air, so that when it 
is inverted in the cup, all the space above 29 inches is lefVa 
vacuum.) The same eflfect precisely would be produced, were 
the tubes exhausted of its air, and the open ena placed in the . 
cup ; the mercury would run up the tube 29 inches, and then 
stop, all above that point being left a vacuum. 

The mercury, therefore, is prevented from falling out of the 
tube, by the pressure of the atmosphere on that which remains 
in the cup ; for if this be removed, the air will enter, while 
the mercury will instantly begin to descend. 

In the baroiiieter described, the rise and fall of the mercury 
is indicated (by a scale of inches and tenths of inches, fixed 
behind the tube") but it has been found, that very slight' vari- 
ations in the dwisity of the atmosphere, are not readily per- 
ceived by this method. It being, however, desirable that 
these/feinute changes should be rendered more obvious,^a con- 
trivance for increasing the scale, called the wheel barometer 
was invented. 



What fills the space aboye 29 inches, in the barometer tube ? In the oom- 
mon barometer how is Che rise and fiJl of the meicuiy indicated % Why wm 
the wheel baxometer invented 1 
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_ Fig. lot Tha whole length of the tube of the wh«el ba- 
rometer, 6e. 106, fronv c to a, is 34 or 35 inchMi 
and il is filkd with mercury, as usnal. The mer- 
cury rises in the abort leg to the point o, where 
there is a small piece of glass floating on iU sur- 
face, to which there is attached a silk string, 
passing oyer the pulley ji. To the axis of the 
pulley ia fised an index, or hand, and behind ' 
. this is a graduated circle, as seen in the fignre. 
B It 's obvious, that a very slight variation in thfi 
fl height of the mercury at o, will be indicated by 
' a considerable motion of the index, and thus 
changes in the weight of the atmosphere hardly 
perceptible by the common barometer, will be- 
come quite apparent by this. 

The mercury in the barometer tube being sus- 
tained by ihe pressure of the atmosphere, and 
its medium altitude at the surface of the earth 
being about 29 inches, it might be expected that 
if Llie instrument was carried to a height from 
the earth's surface, the mercury would suffer a proportionate 
tall, because the pressure must be less, at a distance from the 
earth than at its surface, and experiment proves this to be 
the case. When, therefore, this instrument is elevated to any 
considcraLle height, the descent of the mercury becomes per- 
ceptible. Even(when it is carried to the top of a hill, or nigh 
tower, there is a sensible depression of Uie fluid, ^o that the 



of the earth. Oh the top of Mont Blanc, which is about 
16000 feet above the level of the sea, the medium elevation of 
the mercury in the tube is only(l4 inches,[ while on the sur- 
&ce of the earth, as above slated, it ii SO inchesA 

The medium range of the barometer in several countries, 
has generally been stated to be about 29 inches. It appears, 
however, from observations made at Cambridge, in Massachu- 
setts, for (he ,term of 22 years, that its range there ^aa nearly 
30 inchev 

Eiplain fig. 106, anil describe the conatniction of the wheel barometer. 

What il staled lobe the '' ' '* ' -- -.-i-- —'■- * 

theeaith'! Supposethe 



be the medium range of the barometer at the Kui&ce of 
It is elevated from Ihe earth, what is the 



■rcury '! How does Ihe barometer indicale the heighta of 
mountaini-r vVhat w the medium range of the mercury on Mont Blanc" 
What IB stated to be tha medium range of the barometer at r-mbiidgel 
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f 

While the barometer stands in the same place, near the leyel 
bf the sea, the mercury seldom or never falls below 28 inchesV 
or rises above 31 inches^ its whole ranfire, while stationary, 
being only abo<3inche^.^ 



9* V 



These changes in the weight of the atmosphere, indicate 
corresponding changes in the weather, for it is found, by watch- 
ing thes^ vanations in the height of the mercury, that when 
it faHs, (cloudy jor falling weather ensues, and that wKen it 
rise/^fine clear weathe/may be expected* During the time 
when the weather is damp and lowering^ and the smoke of* 
chimnies descends towards the around, ti|6 mercury remains 
depressed, indicating that the weight of the atmosphere during 
such weather is less than it is when the sky is clear. Thi» 
contradicts the common opinion, that the air is the heaviest 
when it contains the greatest quantity of fog and smoke, and' 
that it is the uncommon weight of the atmosphere which press-- 
es these vapours towards the ground. A little consideration; 
will show, that in thi? case the popular belief is erroneous, for 
not only the barometer, but all the experiments we have de- 
tailed on the subject of specific gravity^ tend to show that the 
lighter any fluid is, the deeper any substance of a given weight 
mil sink in it. Common observation ought, therefore, to cor- 
rect the error, for every body knows that a heavy body will 
sink in water while a light one will swim, and by the same 
kind of reasoning ought to consider, that the particles of va- 
por would ' descend tnrou^h a light atmosphere, while they 
would be pressed Up into the higher regions, by a heavier air. 
The principal use of the barometer is on board of" ships, 
where it is employed to indicate the approach of storms^ and 
thus to give an opportimity of preparing accordingly ; and it 
is found that the mercury suffers a most remarkable depression 
.^^fore the approach of violent winds, or hurricanesr ' The 
watchful captain, particularly in southern latitudes, is always 
attentive to this monitor, and when he observes the mercury ta 
sink suddenly, takes hi» measures without delay to meet the 
tempest During a violent storm, we have seen the wheel 
barometer sink a hundred degrees in a few hours. But we 

How many inches does a fhted barometer vary in height 1 When the 
mercury falls, What kind of weather is indicated 1 When the mercury rises, 
what- kind of weather may be expected 1 ^ When fog and smoke descend 
towards the ground, is it a sign of aflightbr heavy atmosphere? By what 
analogy is it shown that the air is hghtest when filled with vapour 1 Of 
what use is the barometer, on board of ships t When does the metonxj 
flufler the most remarkal]^ depression 1 
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cannot illustmte the use of this instrument at sea better than 
to give the following extract from Dr. Aniot, who was himseU 
preseiU„at the time. " It was," he says, " in a southern lati- 
tude. fThe sun had just set mth a placid appearance, closing 
a beautiful afternoon, and the usual mirth of the evening watcE 
proceeded, when the captain's orders came to prepare with, 
all haste for a storm. The barometer had begun to fall with 
appalling rapidity. As yet, the oldest sailors had not per- 
ceived even a threatening in the sky, and were surprised at 
the extent, and hurry of the preparations ; but the required 
measures were not completed, when a more awful hurricane 
burst upon them, than the most experi«iced had ever braved. 
Nothing could withstand it ; the sails already furled, and close- 
ly bound to the yards, were riven into tatters; even the bare 
yards and masts were in a ^reat measure disabled ; and at 
one time the whole rigging had nearly fallen by the board. 
Such, for a few hours, was the mingled roar of the hurricane 
above, of the waves around, and the incessant peals of thun- 
der, that no human voice could be heard, and amidst the gea> 
eral consternation, even the trumpet sounded in vain. On 
that awful night, but for a little tuoe of mercury, which had 
pven the warning, neither the strength of the noble ship, nor 
Sie skill and energies of her commander, could have saved 
one man to tell the tale.'l 

Pumps. 

There is a philosophical experiment, of which no one in 
this country is ignorant. (If one end of a straw be introduced 
into a barrel of cider, and the other end sucked ¥idth the 
mouth, the cider will rise up through the straw, and may be 
swallowed^ 

The principles which this experiment involve, are exactly 
the same as those concerned in raising water by the pump* 
The barrel of cider answers to the well, the straw to the pump 
log, and the mouth acts as the piston, by which the air is re- 
moved. 

The efficacy of the common pump, in raising wa^er, de- 

Sends i^pon the principle of atmospheric pressure, which 
as been fully illustrated under the articles air pump and bO' 
rometer. 

What remarkable instance is stated, where a ship seemed to be saved by 
ihe vise of the barometer 1 What experiment is stated, as illustratftig m 
principle of the common pump 1 
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These maebin^ wre of ^ree kindsi namely, XhefsucMn^^ 
or common j^UQP) the lifting pump, and the forcing pump. ) 

p. irn ^^ these, the i common or household 

rig. lu/. ^ p^ygjjp .g ^j^^ jj^^g^ .^ ^^^ ^^^ ^^^ ordinary 

' purposes, the most convenient. It consists 
of a lon^tube, or barrel, called the pump 
logy which reaches from a few feet above 
the ground to near the bottom of the well. 
At a, fiff. 107, is a valve, opening upwards, 
called the pump box* Wnen the pump is 
not in action, this is always shut. The 
piston &, has an aperture through it, which 
is closed bya valve, also opening upwards. 
By the pupil who has learned what has 
been explained ^ under the articles ' air 
pump, and barometer, the action of this 
machine will be readily understood. 

Suppose the piston h to be drawn to a, 
then on depressing the lever c/a vacuum,' 
would be formed between a ahd b, did 
not the water in the well rise, in consequence of the pressure 
of the atmosphere on that around the pump log in the well, 
and take the place of/4h*e air thus removed. Then on raising 
the end of the lever ,\the valve a closes, because the water is 
forced upon it, in consequence of the descent of the piston, 
and at the same time the valve in the piston b opens, and the 
water, which cannot descend, now passes above the valve bj 
Next, on raising the piston, by again depressing the lever, this 
portion of water is lifted up to b, or a little above it, while an- 
other portion rushes through the valve a to fill its place. 
After Br few strokes of the lever, the space from the piston b 
to the spout is filled with the water, where, on continuing to 
work the lever, it is disc^harged in a constant stream. 

Although, in common language, this is called the suction 
pump, stuL it will be observed, that the water is elevated by 
suction, or in more philosophical terms, by atmospheric pres- 
sure^nly above the vsJve a, alter which it is raised by lifting 

On what does the action of the common pump depend 1 How many, kinds 
of pumps are mentioned 1 Which kmd is the common 1 Describe the com- 
mon pump. Explain how the common pump acts. When the lever is d^ 
pleased, what takes pku^e in the pump burrel 1 When the lever is elevated, 
.what takes place 1 How fiur k tiie water raised by atmospheric pressure, 



4ip to (he spout : The water, therefore, ia pressed into the 
pomp barrel by the atmosphere, and thrown outb^ lifling. 

. line Ufiing pump, properly so caUed, hag the piston in (he 
lowerend of uie barrel, and raises the watfcr through the whole 
distance, by forcing it upward without the agency of the at- 
mosphere; 

In the suction pump, the pressure of the atmosphere will 
raise the water 33 or 34 feet, and Do more, after which it may 
be lifted to any height required. 

The forcing- pump differs from both these, in having its pis- 
ton sohd, or witnout a valre, and also in having a side pipe, 
through which the water is forced, instead of rising in a per- 
pendicular direction, as in the other^ 

^•B' ^^- Theforcingpumpisrepreaent^ 

ed by tig. lOS, where a ia a solid 

Ktslon, working air-tight in its 
irrel. The tube e leads from 
the barrel of the air vessel d. 
Throughthe pipe J5 the water is 
thrown into the open air. §■ ia a 
guage, by which the pressure gf 
Uie water in the air vessel ia as- 
certained. Through the pipe i, 
the water ascends into the barrel, 
its upper end being furnished 

\> with a valve opening upwards, 
^ To explain the aclion of this 
pomp, suppose the piston to be 
down to tne bottom of the Itarrel, 
and then to be raised upward, by 
the lever I; the tendency to form 
a vacuum in the barrel will bring 
the water up through the pipe t, 
by the pressure of the atmos- 
phere. Then on depressing the 
piaton, the valve at the bottom of the barrel will be closed, and 
the water, not finding admittance through the pipe whence it 
came, will be forced through the pipe c, and opemng the valve 

Howdoes the litlinff pump differ from tbe common pomp? Hoi* iem 
the fordng pump diffeilftomlbe common pomp 1 Ez^«infig. lOS, and show 
In what manner the water ■■ brongbt up thicnuh Iha fipe i, ml >tterw(u^ 
thrown oat at Ihe pipo p. 



8( ita upper end, will enter Into the sir reasel i, and be Ait- 
charged thraugh the pipe p, into the open air. 

Tne water is therefore elevated to the piston bairel by the 
pressure of the atmoHphere, and afterwards thrown out by the 
ibrce of the piston. It is obvious that by this arrangement, 
the height to which this fluid may be thrown, will depend on 
the power applied to the lever, and the stren^ with which 
ihepump is made. 

Toe air vessel d contains air in its upper part only, the 
, 4awer part, as we have already seen, being filled with water. 
!, The pipe p, called the discharging pipp, passes down into the 
water so that the air cannot escape. The air ia therefore 
compressed, as the water is forced into the lower part of the 
vessel, and re-acting upon the fluid by ita elasticity, throws it 
out of the pipe in s continued streamy The constant stream 
which is emilled from the direction pipe of the fire engine is 
entirely owing to the compression and elasticity of the air in 
its air vessel; In piunps without such a vessel, as the water is 
forced upwanls, only while the piston is acting upon it, there 
must be an interruption of the stream while tne piston is as- 
cending, as in the common pump. The air vessel is a reme- 
dy for this defect, and is found <also to render the labour o( 
drawing the water more easy, because the force with which 
the air in the vessel acts on the water, -is always in addition to 
that ^ven by the force of the piston. ) 

The^re engine is a modifica- 
tion of^ the (orcinff pump. It 
consists of two such pumps, the 
pistons of which are moved by 
a lever with equal arms, the com- 
mon fiilcrum being at c, fig. 109. 
While the piston a is descend- 
ing, the other piston h, is ascend- 
ing.' The water is forced by 
. the pressure of the atmosphere, 

* through the commonpipe;), and 

then dividing, ascenas into the 
working barrels of each piston, 
where the valves, on both aideSt 
prevent its return. Bythealtw 
nate depression of the pistonst 

^ it is then forced into the air box 

WI? docs not the >ii eaopc from Q» aa vend in thii pompl 
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(2, and then by the direction pipe e, is thrown where it is want- 
ed. This machine acts precisely like the forcing pump, only 
tliat its power is doubled by having two pistons instead of one. 
Fig. 110. There is a beautiful fountain, called 

the fountain of HierOi which acta by 
the elasticity of the air, and on the 
same principle as that already descri- 
bed. Its construction will be under- 
stood by fig. 110, but its form may be 
^^^— ■^■ai varied accordingto the dictates of 
d ^^^M m ^BmO/ fancy or taste. rThe boxes a and 5, 

together with the two tubes, are made 
air tight, and strong, in proportion to 
the height it is desired the fountain 
should play. 

To prepare the fountain for action, 
fill the box a, through the spouting 
tube, nearly full of water. The tube c, 
reaching nearly to the top of the box, 
will prevent the water from passing 
downwards, while the spoutipg pipe 
will prevent the air from escaping up- 
wards, after the vessel is about half 
filled with water. Next shut the stop cock, of the spouting 
pipe, and pour water into the open vessel d. This will des- 
cend into tne vessel b, through the tube e, which nearly reaches 
its bottom, so that after a few inches of water are poured in, 
no air can escape except by the tube c, up into tlie vessel a. 
The air will then be compressed by the weight of the column 
of water in the tube e, and therefore the force of the water 
from the jet pipe will be in proportion to the height of this 
tube. If this tube is 20 or 30 feet high, on turning the stop cock, 
a jet of water will spout from the pipe that will amuse and as- 
tonish those who have never before seen such an experiment. 
[For other properties of air, see Chemistry,'] 

ACOUSTICS. 

Acoustics is that branch of natural philosophy which treats 
of the origin, propagation, and efiects of sound. 

What ^^SSkX does the air vessel have on the stream discharged 1 Why does 
the air vessel render the labour of raising the water more easy 1 £x{dain fig. 
100^ and describe the action of the fire engine. What causes the continue 
stream from the diredionpipe of this engine^ fiowis the fountain of Hieio 
eonstructed ? 
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Wheil a sonorous, or sounding body is struck, it is thrown 
into a tremulous, or vibrating motion. This motion is com- 
municated to the air which surrounds us, and by the air is con- 
veyed to our ear drums, which also undergo a vibrator^ mo- 
tion, and this last motion, throwing the auditory nerves into 
action, we thereby gain the sensation of sound. 

If any sounding body of considerable size, is suspended in 
the air and struclC this tremulous motion is distinctly visible 
to the eve, and while the eye perceives its motion, the ear per- 
ceives the sound. 

That sound is conveyed to the ear by the motion which the 
sounding body communicates to the air, is proved by an inter- 
esting experiment with the air pump. Among philosophical 
instruments, there is a small bell, the hammer of which is 
moved by a spring connected with clock-work, and which is 
made expressly for this experiment. 

t{ this instrument be wound up, and placed under the re- 
ceiver of an air pump, the sound of the bell may at first be 
heard to a considerable distance, but as the air is exhausted, 
it becomes less and less audible, until no longer to be heard, 
the strokes of the hammer, though seen by the eye, producing 
no effect upon the ear. Upon allowing the air to return grad- 
ually, a famt sound is at first heard, which becomes louder 
and louder, until as much air is admitted, as was withdrawn. 

On the contrary, when the air is more dense than ordinary, 
or when a greater quantity is contained in a vessel, than m 
the same space in the open air, the effect of sound on the ear 
is increased. This is illustrated by the use of the diving bell. 

The diving bell is a large vessel, open at the bottom, under 
which men descend to the beds of rivers, for the purpose of 
obtaining articles from the wrecks of vessels. When this 
machine is sunk to any considerable depth, the water above, 
by its pressure, condenses the air under it with great force. 
In this situation, a whisper is as loud as a common voice in 
the open air, and an ordinary voice becomes painful to the ear. 

Again, on the tops of high mountains, wnere the pressure, 
or density of the air is much less than on the surface of the 
earth, the report of a pistol is heard only a few rods, and the 

On what willthe height of the jet from Hiero's fountain depend 1 What 
is acoustics 1 When a sonorous body is struck within hearing, in what man- 
ner do we gafai from it the sensation of sound ?- How is it proved, that sound 
is conveyed to the ear by the medium of the airl When the air b more 
dense than ordinary, how does it affect soimd 1 
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human Toice is so weak as to be inaudible at or^ary dis- 
tances. 

Thus, the atmosphere which surrounds us, is the medium' 
by which sounds are conye3red to our ears, and to its vibra- 
tions we are indebted for the sense of hearing, as well as to 
all we enjoy from the charms of music. 

The atmosphere, though the most common, is not, however, 
the only, or the best concmctor of sound. \.Solid bodie§^^ conduct 
sound oetter than elastic fluids. Hence, if a person lay his 
ear on a lon^ stick of timber, the scratch of a pin may be heard 
from the omer end, which could not be perceived through 
the air. 

The earth |A;onducts loud rumbling sounds made below its 
surface to great distances. J Thus, it is said, that in countries 
where volcanoes exist, the rumbling noise which generally 
precedes an eruption, is heard first by the beasts of me field, 
becarjse their ears are commonly near the ground, and that 
by their agitation and alarm, they give warning of its ap- 
proach to me inhabitants* 

. The Indians of our country will discover the approach of 
horses or men, /by la3ring their ears on the ground/ when they 
are at such distances as not to be heard in any other manner. 

Sound is propagated through the air at the rate oi 1 142 feet 
in a second of time/ When compared with the velocity of 
light, it therefore moves but slowly. Any one may be con- 
vinced of this by watching the discharge of cannon at a dis- 
tance. ' The flash is seen apparently at the instant the gunner 
touches fire to the powder ; the whizzing of the ball, if the 
ear is in its direction, is next heard, and lastly, the report. 

Solid substances convey sounds with greater velocity than 
air, as is proved by the following experiment, lately made at 
Paris, by M. Biot. 

At the extremity of a cylindrical tube, upwards of 3000 
feet long, a ring of metal was placed, of the same diameter 
as the aperture of the tube ; and in the centre of this ring, in 
the mouth of the tube, was suspended a clock bell and ham- 
mer. The hammer was made to strike the ring and the bell 

at the same instant, so that the sound of the nng would be 

* 

'.' What is said of the effects of sound on the^tope of high mountains^ Which 
are the best conductors of sound, solid or elastic substuicesT What is said 
of the earth as a conductor of sounds 7 How is it said that the Indians 
discorer the approach of horses 1 How &st does sound pass through the air 1 
Which convey sounds with the greatest velocity, solid substances, or air 1 
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transmitted to the remote end of the tube, through the con- 
ducting power of the tube itself^ while the sound of the bell 
would oe transmitted through the medium of the air inclosed 
In the tube. The ear being then placed at the remote end of 
die tube,, the sound of the ring, transmitted by the metal of 
the tube, was first heard distinctly, and after a short interral 
had elapsed, the sound of the bell, trai]('smitted by the air in 
the tube, was heard. The result of several experiments was, 
.that the, metal conducted the sound at the rate of about 11,865 
feet per second, which is about ten and a half times the velo- 
city with which it is conducted by the air.\ 

Sound moves forward(m straight linesi«ind in this respect 
follows the same laws as moving bodies, and liffht. It also 
follows the same laws in being reflected, or t&own back, 
when it strikes a solid, or reflecting surface. 

If the surface b^mooth, and of considerable dimensions, ^e 
sound will be reflected, and an echo will be heard ; but if th# surface 
is very irregular, soft, or small, no such efiect will be produced. 
In order to hear the echo, the ear must be placed in a cer- 
tain direction, in respect to the point where the sound is pro- 
duced, and the reflecting surface. 

If a sound be produced at a, flg. Ill, and 
strike the plane surface 5, it will be reflected 
back in the same line, and the echo will be 
heard at c or a. That is, the angle under 
which it approaches the reflecting surface, 
and diat under which it leaves it, will be 
equal. 

Whether the sound strikes the reflecting 
surface at right angles, or obliquely, the an- 
gle of approach, and the anffle of reflection, 
will always be die same, and equal. 

This b illustrated by 
Fig. 112. fig. 112, where suppose a 

pistol to be firecL at a, 
^^^^ while the reflecting sur- 

^ fiice is at c; then the echo 

will be heard at &, the an- 
gles 2 and 1 being equal 
to each other. 

Desczibe die experiment proving dut lound is oondacted by a metol with 
greater velodtydian by the air. In what linet does aound move ^ Fvomwhaft 
k]ndofsi]rfiM»l8toundreftocted,toafto produce anechol EnUiifig.Ul. 
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If a sound be emitted between ^wo reflecting surfaces, 
parallel to each others it will reverberate, or be answered 
'Wkwards and forwards several times. 

Fig. 113. Thus, if the sound be made at a, fig. 113, 

it will not only rebound back again to a, but 
will also be reflected from the points c and 
df and were such reflecting surfaces placed 
at every point around a circle from a, the 
sound would be thrown back from them sdl, 
at the same instant, and would meet again 
at the point a. 

We shall see under the article Optics, 
that light observes exactly the same law in 
respect to its reflection from plane surfaces, and that the an^le 
at which it strikes is called in^ angle of incidence j and that 
under which it leaves the reflecting surface is callecqflhe angle 
of reflection^' The same terms are employed in respect to 
sound. 

In a circle, as mentioned above, sound is reflected from 
every plane surfietce placed around it, and hence if the sound 
is emitted from the centre of a circle, this centre will be the 
point at which the echo will be most distinct. 

"' *" ' Suppose the ear to be placed at 

the point a, fig. 114, in the centre 
of a circle ; and let a sound be 
produced at the same point, then it 
will move along the line a e, and 
be reflected from the plane sur- 
b face, back on the same line to a ; 
and this will take place from all 
the plane surfaces placed around the 
circumference of a circle ; and as 
all these surfaces are at the same 
distance from the centre, so the 
reflected sound will arrive at the point a, at the same instant ; 
and the echo will be loud, in proportion to the number and 
perfection of these reflecting surfaces. 

Explain fig. 113, and show in what direction fwund approaches andleaires 
a Teflecting surface. What is flie anffie under which sound strikes a reflect- 
ing sur&oecaJled 1 What b the angfe wider which it leates arefleeting sur- 
ftoe called^ Li there any diflerenoe in the quantity of these two angles') Sup- 
pose » pistol to be fired m the centre of a circular room, wheve would be the 
eehol 
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It is apparent that Ae auditor, in this case, must be placed 
in the centre from which the sound proceeds, to receive the 
^eatest effect. But if the shape of the room be oval, or ellip- 
tical, ^e sound may be made in one part, and the echo wul 
be heard in another partJ because the ellipse has two points, 
called foci, at one of winch, the sound being produced, it will 
be concentrated in the other. 

Fig. il5. Suppose a sound to be produced at a, 

&g, 115, it Mdll be reflected from the 
sides of the room, the andes of incidence 
being equal to those of reflection, and 
will be concentrated at b. Hence a 
hearer standing at b will be eflTected by 
the united rays of sound from different 
parts of the room, so that a whisper at a, 
will become audible at 5, when it would 
jC not be heard in any other part of the 
room. Were the sides of the room lined 
with a polished metal, the rays of light 
or heat would be concentrated in me 
same manner. 

The reason of this will be understood, when we consider, 
that an ear, placed at c will receive only one ray of the sound 
proceeding from a, while if placed at 6, it will receive the rays 
from all parts of the room. Such a room, whether construct- 
ed by design or accident, would be a whispering gallery. 

XTn a smooth surface, the rays, or pulses of sound, will pass 
wuh less impediment than on a rough one. /For this reason, 
persons can talk to each other on the opposite sides of a river, 
when they could not be understood to the same distance over 
the land. The report Of a cannon, at sea, when the water is 
smooth, may be heard at a great distance, but if the sea is 
rough, even without wind, the sound will be broken, and will 
readi only half as far. 

The strings of musical instruments are elastic cords, which 
being Bxed at each end, produce sounds^ by vibrating in the 
middle.' 




Exf^am fig. 114, and mye the reason. Suppose a sound to be piodoced 
in one of the foci of an dlipse, where then mi^nt it be distinctly heard 1 Ex* 
pUin fig. 115, and ghre the reason. Why uTit that persons can conveEBe «i 
the opposite sides of a river, when they could not hear each other at thesane 
distaaoe over the land 1 Howdo the stringp of musical instruments prodoet 
sounds? 
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The string of a violin or piano^ when palled to one side by 
its middle, and let go, vibrates backwards and forwards, like 
a pendulum, and striking rapidly against the air, produces 
tones, which are grave, or acute, according to its tension, size, 
or length. 

The manner in which such a string vibrates, is shown by 
fig. 116. 

Fig. 116. If pulled from c to 

^ €6, it will not stop a- 

gain at e,,but in pas- 
sing from a to e, it 
will gain a momen- 
tum, which will car- 
ry it to c, and in re- 
turning, its momen- 
tum will affain carry it to d, and so on, backwards and forwards, 
like a pendulum, until its tension, and the resistance of the 
air, will finally bring it to rest 

The grave, or sharp tones of the same string, depend/on 
its different degrees of tensiodk hence, if a string be struck, 
and whUe vibrating, its tension be increased, its tone will 
be changed from a lower to a higher pitch. 

Strings of the same length are made to vibrate slow, or 
quick, and consequently to proddce a variety of sounds, by 
making son^e larger than others, and giving them different 
degrees of tension. The violin and bass viol are familiar ex- 
amples of this. The low, or bass strings, are covered with 
metallic wire/In order to make their magnitude and weight, 
prevent their vibrations from being too rapi(L/and thus they 
are made to give deep or grave tones. The 'Other strings are 
diminished in thickness, and increased in tension, so as to 
make them produce a greater number of vibrations in a given 
time, and thus their tones become sharp or acute, in pro* 
portion. 

Under certain circumstances, a long string will divide itself 
into halves, thirds, or quarters, without depressing any jpart 
of it, and thus give several harmonious tones at the same time. 
The fairy tones of the iEolian harp are produced in this 
manner. This instrument consists of a simple box of wood, 
with four or five strings, two or three feet long, fastened at 

Hxplain fig. 116. On what do the grave or aeoto tones of the same string * 
depend 1 Why are the hass strings of instroments covered with metallic 
wn»1 Why is there a variety of tones in the JEolian hup, since all the 
irtrings are tuned in nniaoa ? 
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each end. These are tuned in unison, so that when made to 
vibrate with force, they produce the same tones. /S'ut when 
suspended in a gentle breeze, each string, accormng to the 
manner or force m which it receives the blast, eidier sounds 
as a whole, or is divided into several parts] as above described. 
^ The result of which," says Dr. Amot, «'is the production of 
the most pleasing combination, and succession of sounds, 
that the ear ever listened to, or fancy perhaps conceived. 
Afler a pause, this fairy harp is often heard be^ning with a 
low, and solemn note, like the bass of distant music in the 
sky ; the sound then swells as if approaching, and other tone^ 
break forth, mingling with the first, and with each other." 

The manner in which a string vibrates in parts, will be un- 
derstood by fig. 117. 

Kg. 117. 




Suppose the whole length of the stringto be from a to &, 
and that it is fixed at these two points. The portion from b 
to c, vibrates as though it was fixed at c, and its tone differs 
from those of the other parts of the string. The same happens 
from c to d, and from d to a. While a string is thus vibra- 
ting, if a small piece of paper be laid on the part c, or d, it 
will remain, but if placed on any ol^er part of the string, it 
will be shaken off. 

y^Wind, 

Wind is nothing mordCthan air in motion. The us6 of a 
fan, in warm weather, only serves to move the air, and thus to 
make a little breeze about the person using it. 

As a natural phenomenon, that motion of the air which we 
call wind/is produced in consequence of there bei^ a greater 
degree of heat in one place than in another. The air thus 
heated, rises upward, while that which surrounds thb, moves 
forward to restore the equilibriuip* 

. The truth of this is illustratedTby the fact, that during the 
burning of a house in a calm night, the motion of the air to- 
wards the place, where it is thus rarefied, makes the wind blow 
from every point towards the flame. 

Explain fig.117, showing the maimer in which strings vihrate in p&rts. 
What is wind 7 As a natural phenomenon how is wind produced, or, what 
i» the cause of wind 1 How is this illustrated 1 
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In ishndfl ntuated in hot climates, this principle is charming* 
ly illustrated. jlThe land, during the day time, hein? under the 
rays of a tropical sun, becomes heated in a greater degree than 
the surrounaing ocean, and consequently, there rises from the 
land a stream of warm air, during the day, while the cooler 
air from the sur&ce of the water, moving forward to supply 
this partial vacancy, produces a cool breeze setting inland on 
all sides of the island. This constitutes ihii sea breez^ which 
is so delightful to the inhabitants of those not countries, and 
without which men could hardly exist in some of the most lux- 
uriant islands between the tropics. 

During the night the motion of the air is reversed, because 
the earth being heated superficially, soon cools when the sun 
is absent, while the water being warmed several feet below 
its surface retains its heat longer^ 

Consequently towards morning, the earth becomes colder 
than the water, and the air sinking down upon it, seeks an 
equilibrium by flowing outwards, Ime rays from a centre, and 
thus th^ land breeze x^ produced. 

The wind then continues to blow from the land, until the 
equilibrium is restored, or until the morning sun makes the 
land of the same temperature as the water, when for a time 
there will be a dead calm. Then again the land becoming 
warmer than the water, the sea breeze returns as before, and 
thus the inhabitants of those sultry climates are .constantly re- 
freshed during the summer season, with alternate land ana sea 
breezes. 

At the equator, which is a part of the earth continually un- 
der the heat of a burning sun, the air is expanded and ascends 
upwards so as to produce currents from the north and south, 
which move forward to supply the place of the heated air as it 
rises. These two currents, coming from latitudes where the 
daily motion of the earth is less than at the equator, do not 
obtain its full rate of motion, and therefore when they ap- 
proach the equator, do not move so fast eastward as that por- 
tion of the earth, by the diflference between the equator's 
velocity, and that of the latitudes from which they come. 
This wind therefore falls behind the earth in her diurnal 
motion, and consequently has a relative motion towards the 

In the islands of hot climates, why does the wind blow inland dmins the 
day, and off the land during the night? What are these breezes called? 
What is said of the ascent of heated tor at the equator 1 What is the conse- 
quence on the air towards the north and sofuth ? . 
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west This constant breeze towards the west is ealted the 
trade^ wind^ because a large portion of the commerce of nar 
tions comes within its influenc< ' 

While the air in the lower Ve^ons of the atmosphere b 
thos^ constantly flowing from the north and south towards the 
equator, iShd forming me trade winds between the tropics, the 
heated air from these regions as perpetually rises and formd 
a counter current through the higher re^ons towards the north 
and south from the tropics, thys restoring the equilibrium./ 

This counter motion of the air in the upper and lower re- 
gions is illustrated by a very simple experiment. Open a door 
a few inches, leading into a heated room, and hold a lighted 
candle at the top of the passage; the current of air as indica- 
ted by the direction of the flame, will be out of the room. 
Then set the candle on the floor, and it will show that the cur- 
rent is there into the room. Thus, while the heated air rises 
and passes out of the room, that which is colder flows in, along 
the floor, to take its place. 

This explains the reason why our feet are apt to sufler with 
the cold, in a room moderately heated, while the other parts 
of the body are comfortable, it also explains why those who 
sit in the gallery of a church are sufficiently warm, while those 
who sit below may be shivering with the cold. 

From such facts, showing the tendency of heated air to as- 
cend, while that which is colder moves forward to supply its 
place, it is easy to account for the reason why the Wind t)lows 
perpetually from the north and south towards the tropics; for, 
the air being heated, as stated above, it ascends, and then flows 
north and south towards the poles, until, growing cold, it 
sinks down, and again flows towards the equator. 

Fig. 118. Perhaps 

j£ _g these oppo- 

site motions 
of the two 
currents will 
be better un- 
derstood by 
the sketch, 
^ a figure 118. 

How are the trade winda fonned 1 While the air in the lower regionft 
flows ftom the north and sooth towards the equator, in what direction does 
it flow in higher renons 1 How is this counter current in bwer and upper 
regionfl illus&ated hy a simple experiment ? 
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Suppose abcio represent a portion of the earth's surface, 
a being towards the north pole, c towards the south pole, and 
b die equator. The currents of air are supposed to pass in the 
direction of the arrows. The wind, therefore, from a to 6 
would blow, on the surface of the earth, from north to south, 
while from £ to a, the upper current would pasa from south to 
north, untU it came to a, when it would change its direction 
towards the south. The currents in the southern hemisphere, 
being goyemed by the same laws, would assume similar direc- 
tions. 

OPTICS. 

Optics is that science which treats of yision, and the pro- 
perties and phenomena of liffht 

The term optics is derived from a Greek word, which sig- 
nifies seeing. 

This science involves some of the most elegant and import- 
ant branches of natural philosophy. It presents us with ex- 
periments which are attractive by their beauty, and which as- 
tonish us by their novelty ; and, at the same time, it investi- 
gates the principles of some of the most useful among the ar- 
ticles of common life. 

There are two opinions concerning the nature of light. 
Some maintain that it is composed of material particles, which 
are constantly thrown off n*om the luminous body; while 
others suppose that it is a fluid difiiised through all nature, 
and that the luminous, or burning body, occasions waves or 
undulations in this fluid, by which the light is propagated in 
the same manner as sound is conveyed through the air. The 
most probable opinion, however, is, that lidit is composed of 
exceedingly minute particles of matter. But whatever may 
be the lAture or cause of light, it has certain general proper- 
ties or effects which we can investigate. Thus, by experi- 
ments, we can determine the laws by which it is governed in 
its passage through diflferent transparent substances, and also 
those by which it is governed when it strikes a substance 
through which it cannot pass. We can likewise test its na- 
ture to a certain degree, by decomposing or dividing it into its 
elementary parts, as the chemist decomposes any simstance he 
wishes to analyze. 

What common fiwst does this experiment fflostrate'} Define Optics. 
What IB siud ofthe elegance and importance of this science ? What aie the 
two opinions concerning the nature of light ? Wliat is the most probable 
opinion 1 
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To understand the science of optics, it is necessary to de- 
fine several terms, which, although some of them may be in 
common use, have a teclmical meaning, when applied to this 
science. 

Light is that principle, or substance, which enables us to see 
any m>dy from which it proceeds. If a luminous substance, 
as a burning candle, be carried into a dark room, the objects 
in the room become visible, because they reflect the lijrht of 
the candle to our eyes. {For the Chemical effects of Lights 
see Chemistry.) 

Luminous bodies are such as emit light from their own 
substance. The sun, fire, and phosphorus, are luminous bo- 
dies. The moon, and the other planets are not luminous, 
since they borrow their light from uie sun. 

TranspareTU bodies are such as permit the rays of light to 
pass freely through them. Air and some of the gases are 
perfectlv transparent, since they transmit light without being 
visible themselves. Glass and water are also considered trans- 
parent, but they are not perfectly so, since they are themselves 
visible, and therefore do not suffer the light to pass through 
them without interruption. 

TranslucerU bodies are such as permit the light to pass, but 
not in sufficient.quantity to render objects distinct, when seen 
through them. 

Opaque is the reverse of transparent. Any body which per- 
mits none of the rays of light to pass through it, is opaque. 

lllumiruUedy enlightened. Any thing is illuminated when 
the light shines upon it, so as to makie it visible. Every object 
exposed to the sun is illuminated. A lamp illuminates a room, 
and every thinff in it 

A Ray is a smgle line of light, as it comes from a luminous 
body. 

A Beam of li^ht is a body of parallel rays. 

A Pencil of light is a boay of diverging or converging rays. 

Divergent rays, are such as come from a point, and contin- 
ually separate wider apart, as they proceed. 

WhatiBlightl WhatisalununouBbodyl What is a transparent body '{ 
Are glaaB and water p^ectly transparent 7 How is it proved that air is 
pei^BCtly transparent % What axe translucent bodies 1 What are opaque 
bodiesi What is meant by iUuminated 1 What is a ray of light 1 What 
iiabeaml Whatapencfll What an divergent rays 1 

13 
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Convergent rays, are those which approach each other, so 
as to meet at a common point. 

Luminous bodies emit rays, or pencils of light, in every di- 
rection, so that the space through which they are visable is 
filled with them at every possible point. 

Thus, the sun illuminates every point of space, within the 
whole solar system. A light, as that of a li^ht house, which 
can be seen from the distance of ten miles in one direction, 
fills every point in a circuit of ten miles from it, with li^t 
Were this not the case, the light from it could not be seen from 
every point within that circumference. 

The rays of light move forward in straight lines from die 
luminous body, and are never turned out of their course ex- 
cept by some obstacle. 

Fig. 119. Leta, fig. 119, 

be a beam of iight 
from the sun pass- 
^ ing through a 
^^ small orifice in 

^mmmKt^^^ |^ the window shut- 

ter b. The sun 
cannot be seen through the crooked tube c, because the beam 
passing in a straight line, strikes the side of the tube, and 
therefore does not pass through it. 

All the illuminated bodies, whether natural or artificial, 
throw oif light in every direction of the same color as them- 
selves, though the light with which they are illuminated is 
white or without color. 

This feet is obvious to all who are endowed with siffht. 
Thus, the light proceeding from grass is green, while mat 
proceeding from a rose is red, and so of every other color. 

We shall be convinced, in another place, that the white 
light with which things arc illuminated is really composed of 
several colors, and that bodies reflect only the rays of their 
own colors, while they absorb all the other rays. 

Light moves with tne amazing rapidity of about 95 millions 
of miles in 81 minutes, since it is proved by certain astro- 
nomical observations, that the light of the sun comes to the 

What are oonvergent rays? In what direction do himinous bodies emit 
hf^ht t H«w is it proved that a luminous body fiUs eveiy point within a cer- 
tain distance with light 1 Why cannot a beam of light he seen through a 
bent tube 1 What is the color of the light which different bodies throw oif 1 
If grass throws off green light, what b^mes of the other ra3r6 1 
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earth m that time. This velocity is so ^eat, that to atiy dis- 
tance at which an artificial light can hd seen, it seems to be 
transmitted instantaneously. 

If a ton of gunpowder were exploded on the top of a moun- 
tain, where its light could be seen a hundred nules, no per- 
ceptible difference would be observed in the time of its ap- 
pearance on the spot, and at the distance of a hundred miles. 

Refraction of Light. 

Although a ray of light will alw^ya pass in a straight line, 
when not interrupted, yet when it passes obliquely from one 
transparent body into another, of a different density, it leaves 
its linear direction, and is bent, or refracted^ more or less, out 
of its former course. This change in the direction of light, 
seems to arbe from a certain power, or quality, which trans- 
parent bodies possess in different degrees; for some sub- 
Hg. lao. stances bend the rays of light much 

more obliquely than others. 

The manner in which the rays of 
light are refracted, may be readily un- 
derstood by ffg. 120. 

Let a be a ray of the sun's light, pro- 
ceeding obliquely towards the surface 
of the water c, a, and let c be the point 
which it would strike, if moving only 
through the air. Now, instead of pass- 
ing through the water in the line a, e, it will be bent or re- 
Fig. 1:21. fracted, on entering the water, 

from to n, and having passed 
through the ffuid it is again re- 
fracted in a contrary direction 
on passing out of the water, 
and tlien proceeds onward in 
a straight line as before. 

The refraction of water is 
beautifully proved by the fol- 
lowing simple experiment. 
Place an empty cup, fig. 121, 
with a shilling on the bottom, in such a position, that the side 

What is the rate of velocity with which light moves 7 Can we perceive 
anj difibrence in the time wmch it takes an artificial light to pass to us from 
ajpreat or small distance 7 What is meant by the refraction of light 1 Dq 
alftraiisparent bodies refract tight equally 1 
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of the cup will just hide the piece of money from the eye. 
Then let another person fill the cup with water, keeping the 
eye in the same position as before. As the witter ia poured- 
in, the Bhillino; will become risible, appearing to rise with 
the water. The effect of the water is to Dend me ray of light 
coming &om the shilling, so as to make it meet the eye be^w 
the pomt where it otherwise would. Thus the eye could not 
»ee the shilling in the direction of c, since the line of vision 
is towards a, and c is hidden by the side of the cup. Bnt the 
refraction of the water bends the ray downwards, producing 
the same effect as though the object had been raised upwards, 
and hence it becomes neible. 

The transparent body throngh which the light passes ia 
called the mediuvi, and it is found in all cases, " that wheTe a 
ray of light passes obliquely from one medium into another of 
a different density, it is refracted, or tumedout of its former 
course." .This is illustrated in the above examples, the water 
being a more dense medium than the air. The refraction takes 
place at the surface of the medium, and the ray is refracted in 
Its passage out of the refracting substance as well as into it. 

If the nty, after having passed through the water, then 
strikes upon a still more dense medium, as a pane of glass, it 
Fig. 1^. will again be refracted. It is understood, 
that in all cases the ray must fall upon the 
refracting medium obliquely in order to be re- 
fracted, tor if it proceeds from one medium to 
another perpendicularly to their surfaces, it ' 
[ will pass straight through them all, and na re- 
fraction will take place. 

Thus, in fij. 1!B, let a represent air, 6 wa- 
ter, and c a piece of glass. The ray d striking 
each medium in a perpendicular direction, 
passes through them all in a straight line. The 
oblique ray passes through the air in the di- 
* rection of c, but meeting the water, is refracted 
p o in the direction of o ,- then falling upon the 
glass, iti's again refracted in the directioQ of 
p, nearly parallel with the perpendicular line d. 

Eiplun tig. 130, >ni! ahow how the ray is refracted in pasdne into and 
out of the watei. Explain fig. ISl, Mid eMe the leason nby t^e ehilling 
teeaiB to be rdsed up hy pouring in the water. What ia a toeiiium "> Id 
whai; direction muat a ray of light paas lowards the medium to be re&acted 1 
Will a ray fiiHine perpendicularly on a. medium be re&acted "i Explain 
%. 1^, ajid show how the nij e ia refracted. 
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In all cases where the ray passes imt of a rarer into a den* 
ser medium, it is refracted Wwards a perpendicular line, 

raised from the surface of the denser otc- 
dium, and so, when it passes out of a den* 
ser, into a rarer medium, it is refracted 
from the same perpendicular. 

Let the medmm b, fig. 123, be glass, and 
the medium e, water. The ray a, as it 
falls upon the medium h, is refracted to- 
wards the perpendicular line e, d; but 
when it enter? the water, whose refractive 
power is less than that of glass, it is not 
bent so near the perpendicular as before, 
^ and hence it is refracted from, instead of 
towards the perpendicular line, and approacnes the original 
direction of the ray a, ^, when passing through the air. 
^ The cause 'of refraction appears to be the power of attrac- 
tion, which the denser medium exerts on the passing ray ; 
and in all cases the attracting force acts in the direction of a 
perpendicular to the refracting surface. 

The refraction of the rays of light, as they fall upon the sur- 
fece of the water, is the reason why a straight rod, with one 
end in the water and the other end rising above it, appears to 
be broken, or bent, and also to be shortened. 

VUi, 124. Suppose the rod a, fig. 124, to be set with 

* one half of its length below the surface of the 

^ water, and the- other half above it. The eye 

being placed in an oblique direction, will see 
the lower end ftpparenthr at the point o, while 
the real termination of'^the rod would be at 
n : the refraction will therefore make the 
rod appear shorter by the distance from o to 
n, or one fourth shorter than the part below 
the water really is. The reason why the rod appears distort- 
ed, or broken, is, that we judge of the direction of the part 
which is under the water, by that which is above it, and the re- 
fraction of the rays coming from below the surface of the water, 
rive them a different direction, when compared with those com- 
ing from that part of the rod which is above it. Hence, when 

When the "nj passes out of a rarer into a denser medium, in what di- 
fection is it refracted 1 When H passes oat of a denser into a rarer medfaim, 
m what ^Bxectioh is the lefractionl Explam this by fig. 13S. What is dit 
ttoam otnbaueAsm 1 Whaiiili the leesen that a rod, with ene end in the wa« 
leTi appeait distorted andahofterthanitietBjlsl 
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the whok rod k below the water, no such distorted appearance 
is observed, because then all the rays are refracted equally. 

For the reason just explained, persons are often deceived 
in respect to the cfepth of water, the refraction making it ap- 
pear much more shallow than it really is ; and there is no 
doubt but the most serious accidents have oflen happened to 
those who have gone into the water under such deception ; 
for a pond which is really six feet deep, will appear to tne eye 
only a little more than four feet deep. 

Reflection of Light. 

If a boy throws his ball against the side of a house swiftly, 
and in a perpendicular direction, it will bound back nearly m 
the line in which it was thrown, and he will be able to catch 
it with his hands ; but if the ball be thrown obliauely to the 
right, or left, it will bound away from the side of tne house in 
tlie same relative direction in which it was thrown. 

The reflection of light, so far as regards the line of ap- 
proach, and the line of leaving a reflecting 
Pig. 125. surface, is governed by the same law, 

iS Thus, if^a sun beam, fig. 125, passing 

I through a small a{>erture in the Mrindow 

I shutter a, be permitted to fall upon the 
m^t^a^Lm plane mirror, or looking glass, c, (2, at 
I right angles, it will be reflected back at 
ri^ht angles with the mirror, and therefore 
^ will pass back a^ain in exactly the same 

direction in which it approached. 
But if the ray strikes the mirror in an oblique direction, it 

fig. 196. ^^^ ^^^^ ^ thrown off in an oblique di- 

rection opposite to that in which it was 
thrown. 

Let a nnr pass towards a mirror in the 
line a, c, ng. 126, it will be reflected off in 
the direction of c, <i, making the angles 1 
and 2 exactly equal. 

The ray a, c, is called the incident ra^, 
and the ray c, d, the reflected ray ; and it 
>^ is found in all cases, that whatever angle 
the ray of incidence makes with the reflect- 
Why does the water in a pond appear less deep than it really is 1 Suppose 
a sun beam fidi upon a plane mirror at right angles with its surface, in what 
direction will it be reflected 1 Suppose the ray fidls oUiquely on its surftce, 
in what direction will it then be reflected 1 What is an incident ray of fight 1 
What is a reflected ray of light % 
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ing iurface, or with a perpendicular lioie drawn 
F^.127. from the reiHectinff surface, exactly the same 
9HfAe is made by the* reflected ray. 

From these facts, arise the general law in 
optics, that the angle of reflection is equal to 
tie angle of incidence. 

The ray a, c, flg. 127, is the ray of incidence, 
and that from c to (7, is the ra^ of reflection. 
The angles which a, c, make with the perpen- 
dicular line, and with the plane of the mirror, 
is exactly equal to those made by c, c2, with 
the same perpendicular, and the same plane 
surface. 

Mirrors. 

Mirrors are of three kinds, namely, pZone, convex^ and am- 
cave. They are made of polished metal, or of glass covered 
on the back with an amalgam of tin and quicksihrer. 

The common looking glass is a plane mirror, and consists 
of a plate of ground glass so highly polished as to permit the 
rays of light to pass through it with little interruption. On 
the back of this plate is placed the reflecting surface, which 
consists of a mixture of tin and mercury. The dass plate, 
therefore, only answers the purpose of sustaining the metallic 
surface in its place,-— of ^dmittin? the rays of li^ht to, and 
from it, and of prerentin? its surmce from tamishmg, by ex- 
cluding the air. Could the metallic surface, however, he re- 
tained m its phice, and not exposed to the air, without the glass 
plate, these mirrors would be much more perfect than they 
are, since, in practice, ^lass cannot be made so perfect as to 
transmit all the rays of light which fell on its surface. 

When applied to the putne mirror, the angles of incidence 
and of reflection are equal, as already stated, and it therefore 
follows, that when the rays of light &U upon it obliquely in one 
direction, they are ^rown oflT under the same angle in the op- 
posite direction. 

This is the reason why the images of objects can be seen 
when the objects themselves are not visible. 

" <, I ■ I I ^1 III. II I I M l n il 

What general law in optics result! fhxn obsenrations on the incident and 
reflected rays 1 How many kinds of mirrors are there 1 What kind of 
mirror is the common looking giassi Of what use b the glass plate in tho 
construction of this mirrorl 
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Fig. 128. Suppose the mirror a b, fig. 128, to he 

placed on the side of a room, and a lamp 
to be set in another room, but so situa- 
ted, as that its light would shine upon 
the glass. The lamp itself could not be 
lit seen by the eye placed at e, because the 
partition d is between them; but its 
image would be Tisible at e, because the 
angle of the incident ray, coming from 
the light, and that of the reflected ray, 
which reaches the eye, are equal. 

An image from a plane mirror appears 
to be just as far behind the mirror, as the 
object is before it, so that when a person approaches this 
mirror, his image seems to come forward to meet him ; and 
when he withdraws from it, his image appears to be moving 
backward at the same rate. For the same reason the different 
parts of the same object will appear to extend as far behind 
the mirror, as they are before it. 

If, for instance, one end of a rod two feet long be made to 
touch the surface of such a mirror, this end of the rod, and its 
image, will seem nearly to touch each other, there being only 
die thickness of the glass between them ; while the other end 
of the rod, and the other end of its image, will appear to be 
equally distant from the point of contact. 

The reason of this is explained on the principle, that tlie 
angle of incidence and that of reflection is equaL 



Fig. 129. 




Suppose the arrow a, to be the 
object reflected by the mirrored c, 
flg. 129; the incident rays a, 
flowing from the end of the ar- 
row, being thrown back by reflec- 
tion, will meet the eye in the 
same ^ state of divergence that 
they would do, if they proceeded 
to the same distance behind the 
mirror, that the eye is before it, 
as at o. Therefore, by the same 



Explain fig. 128, and show how the imag[e of an object can be seen in a 
plane minor, when the real object is inyinble. The imafle of an obiect 
aippean jnrt m fitr behind a phae mirrar, as the oX>ject is belxe it ; explain 
fig 129, and ahow why this » the caae. 
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law, tibe reflected rays, where they meet the eye at e» appeal^ 
to diverge from a point h, just as far behind me mirror, as a 
\s before it, and consequently the end of the arrow most re- 
mote from the glass, wul appear to be at A, or the point where 
the approaching rays would meet, were they continued on- 
ward behind the glasd. The rays flowing from every other 
part of the arrow follow the same law ; and thus eveiy part 
of the image seems to be at the same distance behind the 
mirror, that the object really is before it. 

In a plane mirror, a person may see his whole image, when 
the mirror is only half as long as himself; let him stand at 
anydistance from it whatever. 

This is also explained by the law, that the angles of inci- 
dence and reflection are equal. If .the mirror be elevated, so 
that the ray of light from the eye falls perpendicularly upon 
the mirror, this ray will be thrown back by reflection in the 
same direction, so that the incident and reflected ray by which 
the Image of the eyes and &ce are formed, will be nearly ])a- 
rallel, while the ray flowing from his feet will fall on the mir- 
ror obliquely, and will be reflected as obliquely in the con- 
trary direction, and so of all the other rays by which the im- 
age of the difierent parts of the person is formed. 

Fig. 130. Thus suppose the mir- 

^ ror c e, flg. 130, to be just 
half as long as the arrow 
placed before it, and sup- 
pose the eye to be placed 
at a. Then the ray a e, 
proceeding from the eye 
at 0, and Tailing perpen- 
dicularly on the glass at 
c, will be reflected back 
to the eye in the same 
line, and this part of the 
image will appear at h, in the same line, and at the same dis- 
tance behind die glass that the arrow is before it. But the 
ray flowing from the lower extremity of the arrow, wUl fell 
on the mirror obliquely, as at 6, ana wUl be reflected under 
the same angle to the eye, and therefore the extremity of the 

What must be the oompaxadve length of a j^ane nurior, in which a pezson 
ma^ see his whole isaage 1 In what part of the image, fig. 130, are the 
incidental and xeflected rays nearly DaraUei 1 Why does the image of tb9 
lower part of the BXiow appear at c^i 
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iiBtf ^> appearing in the direction of the reflected ray, will be 
•een at d. The rays flowing from the other parts of the 
arrow, will observe the same law, and thus the whole image 
is «een distinctly, and in the same position as the object 

To render this still more obvious, suppose the mirror to be 
removed, and another arrow to be placed in the position where 
its image appears, behind the mirror, of the same length as 
the one before it. Then the eye, bein^ in the same position 
as represented in the figure, would see the difierent parts of 
the real arrow in the same direction that it before saw the 
image. Thus the rav flowing from the upper extremity of the 
arrow, would meet the eye in the direction of b c, while the 
ray coming from the lower extremity, would fall on it in the 
direction of e d. 

Fig. 131. Canvex Mirror. A convex mir- 

ror is a part of a sphere, or globe 
reflecting from the outside. 

Suppose flg. 131 to be a sphere, 

then the part from a to o, would be 

a section of the sphere. Any part 

h •' • ! — r of a hollow ball of glass, with an 

amalgam of tin and quicksilver 
spread on the inside, or any part 
of a metallic globe polished on the 
outside, would form a convex mir- 





Fig. 133. 



ror. 




The axis of a convex mirror, is a 

line as c b, passing through its centre. 

Rays of light are said to diverge, 

'^ when they proceed from the same 

point, and constantly recede from each 

other, as from the' point a, fig. 132. 

Rays of light are said to converge, 

when they approach each other in 

such a direction as finally to meet at a point, as at b, fiff. 132. 

The ima^e formed by a plane mirror, as we have already 

seen, is of the same size as tne object, but the image reflected 

from the convex mirror is always smaller than the object 

— '■ ■ ■ 

Suppose the mirror, fig. 130, to be removed, and an arrow of the same 
lengtn to be placed where the ima^ appeared, would the direction of the 
ra3r8 from the arrow be the same that they were from the imagel What is 
a convex nnrror 7 What is the axis of a convex minor 1 What are diverg- 
ing rays 7 What arc converging rays 7 
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The law which fforems the pasMge of h^t with respect to 
the aBf lea of incidence and reflection, to and from the con- 
rex mirror, is the same as already^ stated, for the plane mirror. 
From the surface of a plane mirror, parallel'rays are reflect- 
ed parallel ; but the convex mirror causes parallel rays &lling 
on Its surface to divepge^ by reflection. 

Fig. 133. To make this understood, let 

1, % 3, fig. 133, be parallel rays, 
falling on the surface of the con- 
vex reflector, of which a would 
be the centre, where the reflector 
a whole sphere. The ray 2 is 
perpendicular to the surface of 
the mirror, for when continued 
in the same direction, it strikes 
the axis, or centre of the circle a. 
The two rays 1 and 3, being 
parallel to this, all three would 
hl\ on a plane mirror, in a per^ 
pendicular direction, and conse- 
quently would be reflected in the lines of their incidence. 
But the obliquity of the convex surface it is obvious will 
render the direction of the rays 1 and 3, oblique to that sur- 
£ice, for the same reason that 2 is perpendicular to that part 
of the circle on which it falls. Rays falling on any part of 
this mirror, in a direction, which, if continued through the 
circumference, would strike the centre, are perpendicular to 
the side where they fall. Thus, the dotted lines c a, and d 
Oj are perpendicular to the surface, as well as 2. 

Now the reflection of the ray 2, will be back in the line of 
its incidence, but ^e rays 1 and 3, falling obliquely, are re- 
flected under the same angles at which they fall, and therefore 
their lines of reflection win be as far without the perpendicular 
lines € a, and d a, as the lines of their incident rays, 1, and 3, are 
within them, and consequently they will diverge in the direc- 
tion of e and o ; and since we always see the image in the di- 
rection of the reflected ray, an object placed at 1, would ap- 
pear behind the surface of the mirror at n, or in the direction 
of the line o n. 



What law go^eniB flie passage of light firom and to the convex mhw 
ror 1 AiB paraUel nqre frUing on a convex mirrar, reflected parallel 3 
Explain fig. 133. 
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Perhapa thesubject of the conrex mirroridnbebetter under- 
stood by consideriBff its surface to be formed of a number of 
Elane sur&ces, indefinitely small. In this case, each point 
rom which a ray is reflected, would act in the same manner 
as a plane mirror, and the whole, in the manner -of a number 
of nunute mirrors inclined from each other. 

Suppose a and 5, fi^. 134, to be 
Uie points on a convex mirror from 
which the two parallel rays, c and 
d, are reflected. Now, nrom the 
sur&ce of a plane mirror, the re- 
flected rays would be parallel, 
whenever tiie incident ones are 
so, because each will fall upon the 
surface under the same angles. 
But it is obvious in the present 
case, that these rays fall upon the 
surfaces a, and ft, under difierent angles, as respects tne sur- 
fiices, c, approaching in a more oblique direction than d ; con- 
seauently c is reflected more obliquely Uian (2, and the two 
reflected rays, instead of being parallel, as before, diverge in 
die direction of n and o. 

Fig. 135. Again, the two converging 

rays a and 5, flg. 135, without 
the interposition of the reflect- 
ing sur&ces, would meet at c, 
but because the angles of r^flec- 
^ tion are equal to those of inci- 
dence, and because the surfa- 
ces of reflection are inclined to 
each other, these rays are re- 
flected less convergent, and in- 
stead of meeting at the same 
distance before me mirror, that 
c is behind it, are sent oflT in 
the direction of 6, at which point they meet. 

'* Thus paraUelrwys falling on a convex mirroTf are render- 
ed diverging by rejlection t converging rays are made less 
convergent^ or parallel^ and diverging rays more divergent 

How 18 the actk>n of the convex imrror illtuatrated by a number of 
plane minors 1 Explain fig. 135. What effect does the convex mirror 
iiave uponpanUel rays by reflection 1 What 4s its eSad on converging 
nys 1 Wnat is its effect on diverging njal 
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The effect of tbe convex mirror, therefore, is to disperse the 
rays of light in all directions ; and it is proper here to remind 
the pupil, that although the rays of Kgnt are represented on 
paper by single lines, mere are in fact probably millions of rays, 
proceeding from every point of all visible bodies. Only a 
comparatively small number of these rays, it is true, can enter 
the eye, for it is only by those which proceed in straight lines 
from the different parts of the object, and enter the pupil, that 
the sense of vision is excited. 

Now, to conceive how exceedingly small must be the pro- 
portion of light thrown off, flrom any visible object which en- 
ters the eye, we must consider that the same object reflects 
rays in every other direction, as well as in that in which it is 
seen. Thus, the gilded ball on the steeple of a church may 
be seen by millions of persons at the same time, who stand 
upon the ground ; and were millions more raised above these, 
it would he visible to all. 

When, therefore, it is said, that the convex mirror disperses 
the rays of liffht which fall upon it from any object, and when the 
direction of uiese reflected rays are shown only by single hues, 
it must be remembered, that each line represents pencils of 
rays, and that the light not only flows from the parts of the ob- 
ject thus designated, but from all the other parts. Were this 
not the case, me object would be visible only at certain points. 
The images of objects reflected from the convex mirror 
appear curved, because their different parts are not equally 
distant from its surface. 

Fig. 136. If the object a, be placed 

obliquely before the convex 
^ mirror, fig. 136, then the con- 
verging rays from its two ex- 
tremities falling obliquely on 
its surface, would, were they 
prolonged through the mirror, 
meet at the point c, behind it. 
But instead of being thus con- 
tinued, they are thrown back 
by the mirror, in less conver- 

Do the rays of light proceed only fiom the extremitieB of obiects, as repre- 
sented in figiues, or from all their parts 1 Do aU the rays of light proceed- 
ing from an object enter the ^e, or only a few of themi What would be 
the conseqiience, if the rays of light proceeded only from the parts of an ob- 
ject shown in diagrams 1 Why do tne images of objects reflected tnm con- 
vex minors appear curvedl 

14 
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gant lines, which meet the eye at c, it bein|^, as we have seen, 
one of the properties of this mirror, to reflect converging rays 
less convergent than before. > 

The image being always seen in the direction from which 
the rays approach the eye, it appears behind the mirror at d. 
If the eye be kept in the same position, and the object a, be 
moved further from the mirror, its image wUl appear smaller, 
in a proportion inversely to the distance to which it is . re- 
moved. Consequently, by the same law, the two ends of a 
straight object will appear smaller than its middle, because 
they are further from the reflocting surface of the mirror. 
Thus, the images of straight objects, held before a convex 
mirror, appear curved, and fo^-the same reason, the features 
of the face appear out of proportion, Uie nose being too large, 
and the cheeks too small, or narrow. 

The reason why the image appears ]ess than the object is, 
that the convex surface of the mirror has the property, as sta- 
ted above, of decreasing the conv^rgency of the incidental 
rays by reflection. 

Now, objects appear to us large or small, in proportion to 
the angle which the rays of light, proceeding from their ex- 
treme parts form, wh^ they meet at the eye. For it is plain 
that the half of any object will appear under a less angle than 
the whole, and the quarter under a less angle still. Therefore 
the smaller an object is, the smaller will be the angle under 
which it will appear at a ^ven distance. If then a mirror 
makes the angle under which an object is seen smaller, the 
object itself will seem smaller than it really is. Hence the 
Fig. 137. ^ image of an object, when je- 

flected from the convex mir- 
ror, appears smaller than the 
object itself. This will be 
understood by fig. 137. 

Suppose the rays flowing 
from the extremities of the 
object a, to be reflected back 
to c, under the same degrees 
of convergence at which they 
^'g" ^ strike the mirror, then as in 

Why do the featmes of the fkce appear out of proportion, by this mirror 1 
Why does an image reflected from a convex surface appear smaller than the 
ohject 1 Why doe» the half of an object appear to the eye smaller than the 
whole i 
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Fig. 138. 



the plane mirror, the image d, would appear of the same size 
as the object a; for if the rays from a were prolonged behind 
the mirror, they wotdd meet at b, but forming the same angle, 
by reflection, that they would do, if thus prolonged, th6 object 
seen from 6, and its image from c, would appear of the same 
dimensions. 

But instead of this, the rays from the arrow a, being ren-^ 
bered less conrergent by reflection, are continued onward, and 
meet the eve. under a more acute angle than at c, the angle 
under which they actually meet, being represented at e, con- 
sequently the image of tne object is shortened in proportion 
to the acuteness of this angle, and thd object appears diminish- 
ed, as represented at o* 

The image of an object, as alrea- 
dy stated, appears less as the ob- 
ject is removed to a greater dis- 
tance from the mirror. 

To explain the reason of this, let 
us suppose that the arrow a, fig. 
138, is diminished by reflection 
from the convex surface, so that its 
image appearing at d, with the eye 
at Cj shall seem as much smaller in 
proportion to the object, as d is less 
than a. Now, ke||faig the eye at the same distance from the 
mirror, withdraw iro object, so that it shall be equally distant 
with the eye, and the image will gradually diminish, as the 
arrow is removed. 

The reason of this will be made 
plain by the next figure ; for as the 
arrow is moved backwards, the an- 
gle at c, fig. 139, must be diminish- 
ed, because the rays flowing from 
the extremities of the object fall a 
greater distance before they reach 
the surface of the mirror ; and as 
the angles of the reflected ravs 
bear a proportion to those of the 

Suppose the angles c and 6, fig. 137, are equal, will there be any difference 
between the size of the object and its Image 1 How is the image affected, 
when the object is withdrawn from the surface of a convex mirror 1 Ex- 
plaili figures 138 and 139, and show the reason why the images are diminish- 
ed when the objects are removed from the convex mirror. 




Fig. 139. 
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.incident ones, so the an^le of vision will become less in pro- 
portion as the object is withdrawn. The effect therefore 
of withdrawing the object, is first to lessen the distance be- 
tween the converg^ing rays, flowing from it, at the point where 
they strike the mirror, and as a consequence to diminish the 
angle under which the- reflected rays convey its image to the 
eye. 

In the plane mirror, as already shown, the image appears 
exactly as far behind the mirror as the object is before it, but 
the convex mirror shows the image just under the surface, or, 
when the object is removed to a distance, a little way behind 
it. To understand the reason of this difference, it must be 
remembered, that the plane mirror makes the image seem as 
far behind, as the objiect is before it, because the rays are jre- 
ilected in the same relative position, at which they fall upon 
its surface. Thus, parallel rays are reflected parallel ; diver- 
gent rays equally divergent, and convergent rays equally con- 
rergent. But the convex mirror, as also above shown, reflects 
convergent rays less convergent, and divergent rays more di- 
vergent, and it is firom this property of the convex mirror that 
the unage appears near its surface, and not as &r behind it as 
the object is before it, as in the plane mirror. 

Fig. 140, A ^^^ ^^ suppose that (t, fig. 140, is a 

' ^ luminous point, from which a pencil of 
diverging rays fall upon a convex mir- 
ror. These rays, Its already demon- 
strated, will be reflected more divergent, 
and consequently will meet the eye at c, 
in a wider state of dispersion than they 
fell upon the mirror at o. Npw, as the 
image will appear at the point where 
» the diverging rays would converge to a 
focus in a contrary direction, were they prolonged behind the 
mirror, so it cannot appear as far behind the reflecting surface 
as the object is before it, for the more widely the rays meeting 
at the eye are separated, the shorter will be the distance at 
which they will come to a point. The image will therefore 
appear at n, instead of appearing at an equal distance behind 
the mirror that the object a is before it. 

What is said to be the first effect of withdiawin^ the object from a con- 
cave sur&ce, and what the consequence on the ande of^eflected rays ^ Ex- 
plain the reason why the image appears near tSe surface of the oonvez 
nurror. 
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Concave Mirror. The shape of the concave mirror, is ex- 
actly like that of the convex mirror, the otily difference be- 
tween them being in respect to their reflecting surfaces. The 
reflection of the concave mirror takes place from its inside, 
or concave surface, while that of the convex mirror is from 
the outside, or convex surface. Thus the section of a metallic 
sphere, polished on both sides, is both a concave and convex 
mirror, as one or the other side is employed for reflection. 

The eflect and phenomena of this mirror will therefore be, 
in many respects, directly the contrary from those -already de- 
tailed in reference to the convex mirror. 

From the plane mirror the relation of the incident rays are 
not changed by reflection ; from the convex mirror the/ are 
dispersed ; but the concave mirror renders the rays reflected 
from it more convergent, and tends to concentrate them into a 
focus. 

The surface of the concave mirror, like that of the convex, 
may be considered as a great number of minute plane mirrors, 
inclined to each other at certain angles, in proportion to its 
concavity. 

The laws of incidence and reflection, are the same when 
applied to the concave mirror, as those already explained in 
reference to the other mirrors. 

In reference to the concave mirror, let 
us, in the flrst place, examine the eflect of 
two plane mirrors inclined to each other, 
as in fiff. 141, on parallel rays of light. 
The incident rays, a and ft, being parallel 
before they reach the reflectors, are thrown 
off at unequal angles in respect to each 
other, for b falls on the mirror more ob- 
liquely than a, and consequently is thrown 
off more obliquely in a contrary direction, 
therefore, the angles of reflection being' 
equal to those of incidence, the two rays meet at c. Thus we 
Bee that the effect of two plane mirrors inclined to each other, 
is to make parallel rays converge and meet in a focus. 



What is the diape of the concave mirror, and in what respect does it differ 
from the convex mirror 1 How may convex and concave mirrors be muted 
in the same instTDment "i What is the difference of effiset between the con- 
«ftve, eonvttX, and plane mirron, on the lefleoted raysl In what resped may 
the concave minor be considered as a number of plane namni 

14* 
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The same result would take place, whether the mirror was 
one continued circle^ or an infinite number of small mirrors 
inclined to each other in the same relation as the different 
parts of the circle. 

The effect of this mirror, as we have seen, being to render 
parallel rays convergent, the same principle will render di- 
verging rays parallel, and converging rays still more conver- 
gent. 

The focus of a concave mirror is the point where the ra^s 
are brought together by reflection. The centre of concavity 
in a concave mirror, is the centre of the sphere, of which the 
mirror is a part ki all concave mirrors, tne focus of parallel 
rays, or rays falling directly from the sun, is at the aistance 
of half the semi-diameter of the sphere, or globe, of which ihe 
reflector is a part. 

Fig. 1^. Thus, the parallel rays 1, 

2, 3, 6lc. fig. 142, all meet 

at the point o, which is 

half the distance between 

~""^ the centre a of the whole 

-\ — Si sphere, and the surface 

_\ - of the reflector, and there- 

fore one quarter the dia- 
meter of thewhole sphere, 
of which the mirror is a 
part. 

In concave mirrors of 
all dimen^ons, the re- 
flected rays follow the 
same law ; that is, paral- 
lel rays meet and cross 
each other at the distance of one fourth the diameter of the 
sphere of which they are sections. This point is called the 
principal focus of the reflector. 

But if the incident rays are divergent, the focus will be. re- 
moved to a greater distance from the surface of the mirror, 
than when they are parallel, in proportion to their divergency; 
This mi^ht be inferred from the general laws of incidence 
and reflection, but will be made obvious by fig. 143, where 




i 



a 



What is the%cu0 of a concave minor 1 At what dutanoe ^knii its sur- 
face is the focus of parallel rays m this minor % What is^the princqMd fycm 
of a concave minor 1 
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Fig. 144. 




Fig. 145. 




the diverging rays 1« 2, 3^ 4, form a fo- 
cus at the point o, whereas had they 
been parallel, their focus would have 
been at a. That is, the actual focus is 
at the centre of the sphere, instead of 
being half way between the centre and 
circumference, as 4s the case when the 
incident rays are parallel. The real 
focus therefore is beyond, or without 
the principal focus of the mirror. 
By the same law, converging rays will 
form a point within the prmcipal fo- 
cus of a mirror. 

Thus, were the rays falling on the 
mirror, fig. 144, parallel, the focus 
would be at a ; but in consequence of 
their previous convergency, they are 
brought tojgether at a less distance 
tihan the pnncipal focus and meet at o. 
The images of objects reflected by 
a convex mirror we have seen, are 
smaller than the objects themselves. 
But the concave mirror, when the ob- 
ject 'is nearer- to it than 
the principal focus, pre- 
sents the image* larger 
than the object, erect, 
and behind the mirror. 
To explain this, let us 
suppose the object a, flg. 
145, to be placed before 
the mirror, and nearer 
to it than the principal 
focus. Then the rays 
proceeding from tne 
extremities of the ob- 
ject without interruption 
would continue to di- 
verge in the lines o and 



If the inddent rays are d i veigent where win be the focusl If the inci- 
dent rayi aie oonveigent, where wu be the hcxtA 1 When will the image 
flom a concave mirror be larger than the object, erect, and behind the mirror 1 
Explain fig. 145, aiid diow why the image ie larger than the objeo^ 
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n^ as seen behind the mirror ; but by I'eflection they are made 
to diverge less than before, and consequently to make the anf- 
gle under nvhich they meet more obtuse at the eye ft, than it 
would be if they continued onward to e, where they would hare 
met without reflection. The result, therefore,^ is to render 
the image h, upon the eye, as much larger than the object a, 
as the angle at the eve is more obtuse than the angle at e. 

On the contrary,- if the object is placed more remote from 
the mirror than the principal focus, and between the focus and 
the centre of the spnere of which the reflector is a part,* then- 
the image will appear inverted on the contrary side of the cen- 

Fig. 146. tre, and farther 

from the mirror 
than the object ; 
thus, if a lamp be 
placed obliquely 
before a concave 
mirror, as in fig. 
146, its ima^e 
will be seen in- 
verted in the air on the contrary side of a perpendicular line 
through the centre of the mirror. 

From the property of the concave mirror \to form an invert- 
ed ima^e of the object suspended in the air, many curious and 
surprising deceptions may be produced. - Thus, when the mir- 
ror, the object, and the licht, are placed so that they cannot 
be seen, (which may be done by placing a screen before the 
light, and permitting the reflected rays to pass through a small 
aperture in another screen,) the person mistakes the image of 
the object for its reality, and not understanding the deception, 
thinks he sees persons walking with their heads downwards 
and cups of water turned bottom upwards without spilling a 
drop. Again, he sees clusters of delicious fruit, and when 
invited to help himself, on reaching out his hand for that pur« 
pose, he finds that the object either suddenly vanishes from 
nis sight, owin? to his having moved his eye but of the proper 
ran^e, or that it is intangible. 

This kind of deception may be illustrated by any one who 
has a 4:oneave mirror only of three or four inches in diameter, 

in the following manner : 

. " ' 

Wlien will the image from the concave mirror be inverted and before th» 
nimtl What prop^ty has tbe concave minor by which singolar dooep- 
tionsmayheprodoeedl What are these de^eptiotts 7 
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Suppose the tumbler a, to be filled with water, and placed 
beyona the principal focus of the concave mirror, fig. l^n, and 
so managed as to oe hid from the eye c, by ^e screen b. The 
lamp by which the tumbler is illuminated must also be placed 
behmd the screen, and near the tumbler. To a person placed 
at c, the tumbler with its contents will appear inverted at e, 
and suspended in the air. By carefully moving forward, and 
still keeping the eye in the same line with respect to the mir- 
ror, the person may pass his hand through die shadow of the 

Fig. 147. 




tumbler ; but without such conviction, any one unacquainted 
with such things, could hardly be made to believe that the 
image was not a reality. 

By placing another screen between the mirror and the im- 
age, and permitting the converging rays to pass through an 
aperture in it, the mirror may be nearly covered from the eye, 
and thus the deception would be increased. 

The ima^ reflected from a concave mirror, moves in the 
same direction with the object, when the object is within the 
principal focus ; but when the object is more remote than the 
principal focus, 'the image moves in a contrary direction 
from the object, because the rays then cross each other. If 
a man place himself directly before a large concave mirror, 
but &rther from it than the centre of concavity, he will see an 
inverted image of himself in the air, between him and the 
mirror, but less than himself. And if he hold out his hand 
towards the mirror, the hand of his image will come out to- 
^ward his hand, and he may imagine thatlie can shake hands 

Describe the maimer in which a tumbler with its contents may be made to 
seem inverted in the air. Why does the image move in a contrary directioo 
from its object, when the object is beyond t)ie pciodpal focus 1 



widi his imaie. But if he reach his hand further towatdB 
(he tnirroT, the hand of the image will pass by his hand, and 
come between Ma hand and hia body ; and if he moi'e his hand 
toward either side, the hand of the image will move in a con- 
trary direction, so that if the object mores one way the image 
will move the other. 

The concave mirror, having the property of converging the 
rays of light, is equally efficient in concentrating the rays of 
heat, either separately, ot with the -light. When, therefore, 
such a mirror is presented to the rays of the sun, it brings 
them to a focus, so as to produce degrees of heat in propor- 
tion to the extent and perfecdon of its reflecting surface. A 
metallic mirror of this Kind, of only four or six inches in dia- 
meter, will fuse metals, set wood on fire, &c. 

As the parallel rays of heat or light are brought to a focus 
at the distance of one quarter of the diameter of the sphere, of 
which the reflector is a aectian, so if a luminous or heated 
body be placed at this point, the rays from such body passing 
to the mirror will be reflected from all parts of its surface, m 
parallel lines;' and the rays so reflected, by the same law, will be , 
brought to a Focus by another mirror standing opposite to this. ' 



Suppose a red hot ball to be placed in the principal focus 
of the mirror a, fig. 148, the rays of heat and light proceed- 
ing from it will be reflected in the parallel lines 1, 3, 3, 
&c. The reason of this is the same as that which causes 
paralle l rays, when falling on ihe mirror, to be converged to a 

Win the concave minor conwiitnilo the rajs of heat, aa well as thoce of 
tight 1 Suppose a luminoOB bod; be placed in the fbcua of a concaTc mirror, 
in what directitm will tU raji be reflectedl 
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focus* The angles of ineictoice being equal to those of reiec- 
tion, it makes no difference in this respect, whether the rays 
pass to or from ^the focus. In one case, parallel incident rays 
from the sun, are concentrated by reflection ; and in the oilier, 
incident diverging rays, from the heated ball, are made paral- 
lel by reflection. 

The rays therefore, flowing from the hot ball to the mirror 
0, are thrown into parallel lines by reflection, and these reflect- 
ed rays, in respect to the mirror 5, become the rays of inci- 
dence, which are again brought to a focus by reflection. 

Thus the heat of the ball, by being placed in the focus of 
one mirror, is brought to a focus by the reflection of the other 
mirror. 

Several striking experiments may be made with a pair of 
concave mirrors placed facing each other as in the flgm'e. If 
a red hot ball be placed in the focus of a, and some ffun pow- 
der in the focus of 6, the mirrors being ten or twenty feet apart, 
according to their dimensions, the powder will flash by the 
heat of tne ball, concentrated by the second mirror. To show 
that it is not the direct heat of the ball which sets Are to the 
powder, a paper screen may be placed between the mirrors 
until every thing is ready. The operator will then only have 
to remove the screen, in order to flash the powder. 

To show that heat and light are separate principles, place 
a piece of phosphorus in the focus of b, and when the ball is 
so cool as not to be luminous, remove the screen, and the 
phosphorus ^vill instantly inflame. 

Refraction by Lenses. 

A Lens is a transparent body, generally made of glass, and 
so shaped that the rays of light in passing through it are ei- 
ther collected together or dispersed. Lens is a Latin word, 
which comes from lentile, a small flat bean. 

It has already been shown, that when the rays of light pass 
from a rarer to a denser medium, they are refracted, or bent 
out of their former course, except when they happen to fall 
perpendicularly on the surface of the medium. 

The point where no reflRiction is produced on perpendicu- 
lar rays, is called the axis of the lens which is a right line 

Explain fi£. 148, and show why the rays from the focus of a are con- 
centrated in the focus b. What curious experunents may be made by two 
concave mirrors placed opposite to each other 1 How may it be shown that 
heat and light aie distinct principles 1 Wluit is a lensl 



pasBing through its eentrei &nd perpendiculBr to both its sur- 

In every be«m of light, the middle r&T is called its axis. 

Rays of light are said to fall direcUy upon a lens, vhen 
&eir axes coincide with the axes of the fens ; otherwiBO they 
are said to &11 obliquely. 

The point at which the rays of the sun are collected, by 
pasBiiig through a lens, is called the on'nctpaZ/ocus of that lens. 

Lenses are of various kinds, and nare received certain names, 
depending on theii shapes. The different kinds are shown 
at fig. 149. 

Fig. 149. 



A prism, seen at a, has two plane surfaces, a r, and a s, in 
cliaed to each other. 

A plane glass, shown at b, has two plane surfaces, parallel 
to each other. 

A spkcTtcal lens, c, is a ball pf glass, and has every part of 
its sur&ce at an equal distance from the centre. 

A double concave lens, d, is bounded by two ctmvex surfaces 
opposite to each other. 

A plaTw-coTicave lens, e, is bounded by a convex sur&ce on 
one Bide, and ^ plane on the other. 

A double-concave lens,f, is bounded by two concave spheri- 
cal surfaces, opposite to each other. 

A plano-concave lens,g, is bounded by a plane surface on 
one side and a concave one on the other. 

A menisctis, h, is bounded by one concave and one convex 
spherical surface, which two surfaces meet at the edge of the 
lens. 

A concavo-convex lens t, is bounded by a concave and con* 
vex surface, but which diverge from each other, if continuedt 

Wbat ia the uds of k lem 1 In what pan of s lens is no raftadioa pR>- 
duDedl WheieiatheuisofabeuDoTIightl When steraTiofli^ sud 
to M directly upon > leoa 1 How many kinds of lenses ore nwidtHiei] 1 
What ia the name 1^ each 1 Hot* are eadioftheeeleiuea bounded I 
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The efkeia of the prism on the rays ot light wiD he shown 
in another place. The refraction of the plane glass, hends the 
parallel rays of hght equally towards the perpendicular, as 
abeady shown.. The sj^re is not often employed as a lens, 
since it is inconvenient m use. 

Convex lens. It has been shown in a former part of this, 
article, that when a 'ray of light passes obliquely out of a 
rarer into a denser medium, it is refracted, or turned out of 
its former course. 

Suppose, then, there is presented to the rays of light, a piece 
of glass, with its surface so shaped, that all the rays, except 
those which pass through its axis, are refracted towards me 
perpendicular, it is obvious that they would all finally meet 
theperpendicular ray, and there form a focus. 

Tlie focal distances of convex lenses, depend on their de- 
grees of convexity. The focal distance of a single, or plano- 
convex lens, is the diameter of a sphere, of which it is a sec- 
tion. 

Fig. 150. If the whole circle, fig. 

150, be considered the 
circumference of a sphere 
of which the plano-convex 
lens, b a, is a section, 
then the focus of parallel 
rays, or the principal fo- 
cus, will be at the oppo- 
site side of the sphere, or 
at c. 

The focal distance of a 
double convex lens, is the 
radius, or half the diameter of the sphere of which it is a part. 
Hence the plano-convex lens, being one half the double con- 
vex lens, the latter has about twice the refractive power of 
the former ; for the rays sufier the same degree of refraction 
in ]Mussinff out of the one covex surface, that they do in pass- 
ing into me other. 

On what do the Ibcal distanoeeof con^vez lenses depend 1 What is the ft- 
cal distaiice of any plancH^onvex lens 1 What U the focal distance of the 
donhte ooikvex lensl What is the shape of the double coniez lens 1 

15 
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Figr. 151. The shape of the dou- 

ble convex lens, d c, fig. 
151, is that of two plano- 
convex lenses, placed with 
their pluie sur&ces in 
contact, and. consequently 
the focal distance of this 
lens is nearly the centre of 
the sphere of which one of 
its surfaces is a part If 
parallel rays fall on a con- 
vex lens, it is evident that 
the ray only, which penetrates the axis and passes towards the 
centre of the sphere, will proceed without refraction,* as shown 
in the above fibres. All the others will be refracted so as to 
meet the perpendicular ray at a greater or less distance, de- 
pending on the convexity of the lens. 

If diverging rays fall on the surface of the same lens, they 
will by refraction, be rendered less divergent, parallel, or con- 
vergent, according to the deffrees of their divergency, and the 
convexity of the sur&ce of Uie lens. 

Fig. 152. Thus, the diverging 

ray& 1, 2, 6lc, fig. 
152, are refracted by 
the lenB a o, in. a de- 
gree just sufficient to 
render them parallel, 
and therefore would 
pass off in right 
Jines, indefinitely, or 
without ever forming 
a focus. It is obvious 
by the same law, that were the rays less divergent, or were 
the surface of the lens more convex, the rays in fig. 152 would 
become convergent, instead of parallel, because the same re- 
fractive power which would render divergent rays parallel, 
would make parallel rays convergent, and converging rays 
«till more convergent 




How tjte divergent rays affected by jptm&Dg through a convex lens 1 What 
is its effect on piSaDel rays 1 What is its effect on conver^ng ray^l 
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^- 153. Thus, the pencUs of conTerging ray^, 

' fig. 153, are rendered still more conve^'- 
gent by their passage throtfgh the lens, 
and are therefore brought to a focus near- 
er the lens, in proportion to their previous 
convergency. 

The eye glasses of spectacles for old 
people are double convex lenses, more or 
less spherical, according to the age of the 
person, or the magnifying power required. 
The common burning glasses, whicn are used for lighting 
cigars, and sometimes for kindling fires, are also convex len- 
ses. Their eiffect is to concentrate to a focus, or point, the. 
heat of the sun which falls on their i^hole sur&ce ; and hence 
the intensity of their effects is in proportion to the extent of 
their surfaces, and their focal lengths. • 

One of the largest burning glasses ever constructed, was 
made by Mr. Parker, of London. It was three feet in diameter, 
with a focal distance of three feet nine inches. But in order 
to increase its power still more, he employed another lens 
about a foot in diameter, to bring its rays to a smaller focal 
point. This apparatus gave a most intense degree of heat, 
when the sun was clear, so that 20 grains of gold were melted 
by it in 4 seconds, ^nd ten grains of platina, me most infusible 
of all metals, in 3 seconds. 

It has been explained, that the reason why the convex mir- 
ror diminishes tne images of objects is, that Ihe rays which 
come to the eye from the extreme parts of the object are ren- 
dered less convergent by reflection, from the convex surface, 
and that, in consequence, the angle of vision is made more 
acute. 

Now, the refractive power of the convex lens has exactly 
the contrary effect, since by converging the rays flowing from 
the extremities of an object, the visual angle is renderea more 
obtuse, and therefore all objects seen through it appear mag- 
nified. 



What kind of lensee are spectacle glasses for old peode 1 What is said to 
be the diameter of Mr. Parker's great convex lens 7 What is the focal dis- 
tance of this lens 1 What is said of ito heating power 1 What is the visual 
angle 1 
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Fig. 154. 
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Suppose the object o, fig. 
154, appears to the naked e;^e 
of the length represented in 
the drawing. Now, as the rays 
coming irom each end of the 
object, form, by their conver- 
gence at the eye, the visual angle^ or the angle under which 
ue object is seen, and we call objects large or small, in pro- 
portion as this anffle is obtuse or acute, if therefore the object 
a be withdrawn ftrtKer from Uie eye, it is apparent that the 
rays o, o, proceeding from its estremities, will enter the eye 
under a more acute angle, and therefore, ^at the object will 
appear diminished in proportion. This is the reason why 
things at a distance appear smaller than when near us. When 
near, the visual angle is increased, and when at a distaiice, it 
is diminished* 

The effect of the convex lens is to in- 
crease the visual angle, by bending the 
rays of light coming from the object, so as 
to make mem meet at the eye more ob- 
tusely; and hence it has the same effect, 
in resj>ect to the visual angle, as bringing 
the object nearer the eye. This is shown 
by fig. 155y where it is obvious, that did 
die rays fiowing from the extremities of 
the arrow meet the eye without refraction, 
the visual angle would be less, and therefore the object would 
appear shorter. Another efiect of the convex lens, is to^ ena- 
ble us to see objects nearer the eye, than without it, as will be 
expluned under the article vision. 

Now, as the rays of light flow from all parts of a visible ob- 
ject of whatever shape, so the breadth, as well as the length, is 
increased by the convex lens, uid thus the whole object ap- 
pears magnified. 

Concave lens. The efiect of the concave lens is directly 
opposite to thlit of the convex. In other terms, by a concave 
lens, narallel rays are rendered diverging, converging rays 
have tneir convefgency diminished, and mverging rays have 

Why does the same object, when at a distanoe) appear smaller than when 
near 1 What is the effect of the convex lens on tne visual an^el Why 
does an object appear larger through the convex leas than otherwise % What 
is the e£fect of the concave lens 1 What effect does this lens have upon 
parallel, diverging, and converging rays 1 
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Fig. 156. 




Uidr divergency increasedy according to the concavity of the 
lens. 

V These glasses, therefore, exhibit things smaller than they 
really are, for by diminishing the convergence of the rays 
cominff from the extreme points ot an object, the visual angle 
is rendered more acute, ana hence the object appears dimimsh- 
ed by this lens, for the opposite reason that it is increased by 
the convex lens. This will be made plain by the two follow- 
ing diagrams. 

Suppose the object a h, fig. 156, 
to be placed at such a distance 
from the eye, as to give the rays 
flowing from it, the decrees of 
convergence represented in Ae 
figure, and suppose that the rays 
enter the eye under such an. an- 
gle as to make the object appear 
two feet in length. 

Now, the length of the same ob- 
ject, seen through die concave 
lens, fiff. 157, wifl appear dimin* 
ished, because the rays coming 
from it are bent outwards, or made 
less convergent by refraction, as 
seen in the figure, and conse- 
quently the visual angle is more 
acute than when the same ob- 
ject is seen by the naked eye. Its length, therefore, will ap- 
pear less, in proportion as the rays are rendered less conver- 
gent 

The spectacle glasses of short-siffhted people are concave 
lenses, by which the images of objects are formed further 
back in the eye than otherwise, as will be explained under the 
next article. 

Vision^ 

In the application of the principles of optics to the explan- 
ation of natural phenomena, it is necessary to give a descrip- 
tion of the most perfect of all optical instruments, the eye. 



Pig. 157. 




Why do objects appear smaller through this glass than they do to the na- 
ked eye 7 Explain figures 156, and 15^and show the leason why the same 
object appeals smaller through 157. YfhiBX defect in the eye requnes con- 
cave lenses 1 What is the most perfect of all optical instroments 1 

16* 
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Pig. 158. Fig. 158 is a vertic*! 

section of the human eye. 
Its form is nearly globu- 
lar, with a sHght pojec- 
tion or elongation in 
front. It consists of four 
coats, or membranes ; 
namely, the scleroticj the 
fi cornea^ the choroid, and 
the retina. It has two 
fluids confined within 
these membranes, called 
the aqueotis, and the vitreous humours, and one lens, called 
the crystalline. The sclerotic coat is the outer and strongest 
membrane, and its anterior part is well known as the white of 
the eye. This coat is marked in the figure a, a, a, a. It is 
joined to the cornea, 5, 5, which is the transparent mem- 
brane in front of the eye, through which we see. The 
choroid coat is a thin, deHcate membrane, which lines the 
sclerotic coat on the inside. On the inside of this lies the 
retina, d^dydyd, which b the innermost coat of all, and is an 
expansion, or continuation of the optic nerve o. This ex^oi- 
sion of the optic nerve is the immediate seat of vision. The 
iris, 0, 0, is seen through the cornea, and is a thin membrane, 
or curtain, of dififerent colours in different persons, and therefore 
rives colour to the eyes. In black eyed persons it is black, in 
blue eyed persons it is blue, 6lc. 'Airough the iris, is a cir- 
cular opening, called the pupil, which expands or enlarges 
when the light is faint, and contracts when it is too strong. 
The space between the iris and the cornea is called the antC'^ 
Tier cfiamber of the eye, and is filled with the aoueous humor, 
so called from its resemblance to water. Bemnd the pupil 
and iris is situated the crystalline lens e which is a firm and 
perfectly transparent body, through which the rays of light 
pass from the pupil to the retina. Behind the lens is situated 
the posterior chamber of the eye, which is filled with the vitrei 
ousfiumor, r, v. This humor occupies much the largest por- 

• 

What is the f(Hin of the human eye 1 How many coats, or membranesL 
has the eje 1 YHiat aie t^ called 1 How many fliuds has theeye, and 
what are thej called 1 What is the lens of the eye called'} What coat 
forms the white of the eve 1 Describe where the several coats and humors 
are situated. What is the iris ? What is the retina'} Where is the sense 
of vision 1 
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tton pf the whole eye, and on it depends the shape and pcN 
maDency of the organ. 

From the above description of the eye, it will -be easy to 
trace ibe progreea of the rays of li^ht through its sereial parte) 
and to explam in what manner vision is pmormed. 

In doing this, we must keep in mind that the rays of light 
proceed from every part and point of a visible object, as herfr 
tofore stated, and that it is necessaiy only for a few of Ae 
lays, when compared with the whole number, to enter the 
eye, in order to make the object visible. 

Pig, 159. Thus, the object a h, fig. 

159, beine placed in die light, 
sends forth pencils of raj^ in 
all possible directions, some 
of which win strike the eye in 
any position where it is visible. 
^ These pencils of rays not only 
flow from the points designa- 
ted in the fi^re, but in Uie 
eame manner from every other 
point on the surface of a viu- 
^ me object To render an ol^ 
ject visible, therefore, it b only 
necessary that die eye should 
cODect and concentrate a suf- 
ficient number of these ra^ 
on the retina to * form its 
image there, and fixim this 
image the sensation of vision is excited. 
Fig. 160. 




From the luminous body I, fig. 160, the pencils of rays flow 

in aU directions, hut it is only by those which enter the pupil, 

that we gain any knowledge of its existence ; and even these 

What M the ^MK" of Sg. 159 "i What i> Mid coDMmiiig the biiuU nnin. 

■'emyBwI -^' .^_.-.-.^-.- 

Ig. 159. 
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would convey to lite mind no distinct idea of the olject, tm* 
less they were refracted by the humours -of the eye, for did 
these rav^proceed in their natural state of divergence to the 
retina, the image &ere formed would be too extensive, and 
consequently too feeble to give a distinct sensation of ^ 
object. 

Jt is, therefore, by the refracting power of the aqueous 
humor, and <y( the crystalline lens, that the peneOs of rays are 
so concentrated as to fwta a perfect picture of the object on 
the retina. 

We have already seen, that when the rays of light are made 
to cross each other by reflection from the concave mirror, the 
image of the object is inverted ; the same happens when the 
rays are made to cross each other by refraction through a 
convex lens. This, indeed, must be a necessary consequence 
of the intersection of the rays: for as light proceeds in 
straight lines, those rays which come from the lower part of 
an object, on crossing those which come from its upper part, 
will represent this part of the picture on the upper half of tbe 
retina, and for the same reason' the upper part of the object 
will be painted on the lower part of the retina. 

Now, all objects are represented on the retina in an inverted 
position ; that is, what we call the upper end of a vertical 
object, is the lower end of its picture on the retina, and so the 
contrary. 

This is readily proved by taking the eye of an ox, and cut^ 
ting away the sclerotic coat, so as to make it transparent on 
the back part, next the vitreous humor. If now a piece of 
white paper be placed on this part of the eye, the images of 
objects will appear figured on the paper in an inverted position. 
Tiie same effect will be produced on looking at things through 
an eye thus prepared ; uiey ^vill appear inverted. 

— ^— ■ I- ■ ■■. I « li I — 

V^hj would not the rays of light give a distinct idea of the. object without 
refraction b^ the humors of the eye? Explain how it is that the images of 
objects are mverted on the retina. What experiment proves that the images 
of objects are inverted on the retina 1 
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Fig. 161. The actual 

position of the 
vertical object 
a, fig. 161, as 
painted on the^ 
retina, is tiiere- 
fore such as is 
represented by 
thefiffure. The 
lays^from its 

upper extremity, coming in divergent lines, are converged 
by the crystalline lens, and fall on the retina at o ; wnUe 
those from its lower extremity, by the jame law, fell on the 
retina at c. 

In order that vision may be perfect, it is necessary that the 
images of objects should be formed precisely on tiie retina, and 
consequently, if the refhictive power of the eye be too small, 
or too great, the image will not &11 exactly on the seat of vis- 
ion, but will be formed eitiier before, or tend to form behind 
it. In both cases, perhaps, an outline of tiie object may be 
visible, but it will be confused and indistinct. 

If the cornea is too convex, or prominent, the image will be 
formed before it reaches the retina, for the same reason, tiiat 
of two lenses, that which is most convex will have tiie least 
focal distance. Such is tiie defect in the eyes of persons who 
are short sighted, and hence the necessity of their oringing ob- 
jects as near the eye as possible, so as to make the rays converge 
at the greatest distance behind the crystalline lens. 
The effect of uncommon convexity in the cornea on the 

rays of light, is shown at fig. 162, where it will be observed 

Fig. 163. 




fliat the image, instead of being formed on the retina r, is 

Exi^ain fig. 161. Suppose the refractive power of the eye is too great or 
too little, why win viaion be imperfect 1 If the cornea is top oonvex, whefo 
win the image be Ibimed 1 
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mispeYided in the vitreous htimour, in consequence of there 
being too great a refractive power in the eye. It is hardly 
necessary to say, that in this case, vision must be very ioiper- 
fectly performed. / ^ 

This defect of sight is remedied'l^ spectacle! the glasses 
of which are concave lenses. Such glasses, by rendermg the 
rays of light less convergent^ before they reach tne eye, coun- 
teract the too great convergent power of the cornea and lens, 
and thus throw the image on the retina. 

If, on the contrary, the humours of the eye, in consequence 
of age or any other cause, have become less in quantity than 
ordinary, the eye ball will not be sufficiently distended, and 
the cornea will become too flat, or not sufliciently convex, to 
make the rays of light meet at the proper place, and the im- 
a^e will therefore tend to be formedlb^ond the retina,^nstead 
of before it, as in the other case. Hence a^ed people, who 
labor under this defect of vision, cannot see distinctly at ordi- 
nary distances, but are obliged to remove the object as^ for 
from the eye as possible, so as to make its refractive power 
brin^ the image within the seat of vision. 

The defect arising from this cause is represented by flffure 
163, where it will be observed that the image is formed l>ehind 

Fig. 163. 




the retina, showing that the convexity of the cornea is not 
sufficient to bring the image within the seat of distinct vision. 
This imperfection of sight is common..to aged persons, and is 
corrected in a greater or less degree by double convex lenses* 
such as the common spectacle glasses. Such glasses, by caus- 
ing the rays of light to converge, before they meet the eye, as- 
«* I ii»i ■ » I I ■ ■ I i ■ . I- ■ - III 

How is the Hght immoved when the cornea is too convex 7 How do such 
lenses act to improve me agfat ? Where do die rays tend to meet when the 
cornea is not isuffidentlT conveK 1 How is vision assisted when the eye 
wants convexity 1 How do convex lenses help the sight of aged peoplp % 
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flist the refraetire power of die crystaUine Iabs, and thus bring 
ihe focQBi or image, within the sphere of vision.^ 

It has beeii considered difficult to account for the reason 
why we see objects erect, when they are painted on the retina 
inverted, and many learned theories hsve been written to ex- 
plain fbas fact But it is most probable that thisi is owing to 
oabit, and that the image, at the bottom of the eye, has no re- 
lation to the terms above and below, but to the position of our 
bodies, and other thin^ which surround us. 'The term per- 
pendicular^ and the idea which it conveys to the mind, is 
merely relative ; but when applied to an object supported by 
the earth, and extending towards the skies, we call the body 
erect because it coincides with the position of our own bodies, 
and we see it erect for the same reason. Had we been taught 
to read by turning our books upside down, what we now call 
the upper part of the book would have been its under part, 
and tnat reading would have been as easy in that position as 
in any other, is plain from the &ct that printers read their 
type, when set up, as readily as they do its impressions on 
paper. 

Angle of Vision. The angle under which the rays of light, 
coming from the extremities of an object, cross each other at 
the eye, bears a proportion directly to the length, and inverse- 
ly to the distance of the object. ' 

Suppose the object a, by. fig. 164, to be four feet long, and 
to be placed ten feet from die eye, then the rays flowing from 

Fig. 164 




its extremities, would intersect each other at the eye, under a 
given angle, which will always be the same when the object 

Why do we see things erect, when the images are inverted on the retinat 
What u the visual angle 1 
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18 tt the 8sme distance. If the ohject be gradually moved to- 
wards the eye, to the place c (2, then &e an^le wiU be gradu- 
^y increased in quantity, and the object will appear mrger, 
since its image on die retina wiU be increased in length in the 
proportion as the lines t i are wider apart thad o o. On the 
contrary, were a b removed to a greats distance from the 
fint position, it in obvious that the angle would be diminished 
in proportion. 

The lines thus proceeding from the extremities of an object, 
and representing the rays of liffht, form an angle at the eye, 
which IS called me visual angle, or the angle under which 
things are seen. The lines anb therefore ibrm one visual 
angfe, and the lines end another visual angle* 

~^e see from this investigation, that the apparent magnitude 
of objects depending on the angles of vision, will vary accord- 
ing to their mstances from the eye, and that these magnitudesi 
diminish in a proportion inversely as their distances increase. 
We learn also, from the same principles, that objects of dif- 
ferent magnitudes may be so placed, with respect to the eye, 
as to give the same visual angle, and thus to make their appa- 
rent magnitudes equal. Thus the three arrows a, e, and m, 
thouffh omering so much in length, are all seen under the same 
visuiu angle. 

In the apparent magnitude of objects seen through a lens, 
or when their images reach the eye by reflection from a mir- 
ror, our senses are chiefly, if not entirely guided by the angle 
of vision. In forming our judgment of the sizes of distant 
objects, whose magmtudes were before unknown, we are also 
gmded more or les/by the visual angl^ though in this case 
we do not depend entirely on the sense of vision. Thus if we 
see two balloons floating m the air, one of which is larger than 
the other, we judge of their comparative magnitudes by the 
difference in their visual angles, and of their real magnitudes 
by the same angles, and the distance we suppose them to be 
from us. 

But when the object is near us, and seen with the necked 
eye, we then judge of its magnitude by our ezperience,|and not 



How may the visual angle of the same object be ineieaaed or dimmishedl 
When do objects of different magnitudes fbnn the same visual angle 1 E^- 
]^n fig. 164. Under what dicumstances is our sense of vision glided en- 
tireljby the visual angle? How do we jud^ of the magnitudes of distant 
objects 1 How do we judge of the eompaxattve nse of objects near usi 
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entirely by the vifinal angle. Thus, the three arrows, a, c, w, 
&g. 164, all of them make the same angle on the eye, and yet 
we know by farther examination, that Uiey are all of different 
l^igths. And so the two arrows a h, and c (2, though seen un- 
der different visual angles, will appear of the same size, because 
experience has taught us that this difference depends only on 
the comparative distance of the two objects. 

As the visual angle diminishes inversely in proportion as 
the distance of the object increases, so when the distance is 
so great as to make the angl^ too minute to 1}e pe/ceptible to 
the eye, then the object becomes invisible. ( Thus, when we 
watcn an eagle, flying from us, the angle of vision is gradually 
diminished, until the rays proceeding from the bii^d form an 
image on the retina too small to excite sensation, and then we 
say, the eagle has flown out of sight. > 

The same principle holds with respect to objects which are 
near the eye, but are too small to form an image on the retina, 
which is perceptible to the senses. Such objects to the naked 
eye, are of course invisible, but when.'fne visual an^le is en- 
larged, by means of a convex lens,* they become visible ; that 
is, their miaffes on the retina exciter sensation. 

ITie actual size of an image on the retina, capable of exci- 
ting sensation, and consequently of producing vision, may be 
too small for us to appreciate by any of our other senses ; for 
when we consider how much smaller the image must be than 
the object, and that a human hair can be distinguish^bd by the 
naked eye at the distance of twenty' or thirty feet, we must 
suppose that the retina is endowed with the most delicate sen- 
sibility, to be excited by a cause so minute. It has been es- 
timated that the image of a man, on the retina, seen at the dis- 
tance of a mile, is not more than the five thousandth part of 
an inch in length. , 

On the contrary, if the object be brought ^o near the eye, 
its image becomes confused and indistinct^ because the rays 
flowing from it, fall on the crystalline lens in ft state too diver- 
gent to be refracted to a focus on the retina..' 

Ill - — I 

When does a retreatiiig object becoine invisible to the eye 1 How does a 
eooyez lens act to make us see objects which are invisible without it 1 What 
is said of the actual axe of an image on the retinal Why are objects indis- 
tinct) when brought too near the eye 1 
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F«- 155. This will be appsrent by 

fig. 165, where we suppose 
thai the object a, is brought 
within an inch or two of me 
\ eye, and ihat the rays pro- 
' eeedingfromit enterthepu- 

' pil 80 obliquely as not to be 
refracted by the lens, eo as 
to form a Jiatinct image. 
Could we see objecta dis- 
tinctly at the shortest distanqe, we should be able to examine 
„.uigs that are now invisible, since the visual angle would then 
be increased, and consequently the image on the retina en- 
la:'a|ed, in proportiop as objects were brought near the .eye. 
This is proved by intercepting the most divergent raysl; in 
which case an object may be brought near the eve, and Will 
then appear greatly magnified. Mate a small orifice, as a piit' 
hole, mrougti a piece of dark colored paper, and then look 
tlirough the orifice at small objects, such as the letters of a 
printed book. The letters will appear much magnified. (The 
rays, in this case, are refracted to a focus, on me retina, be- 
cause the small orifice prevents those which are most divergmt 
from entering the eye, so that notwiUistanding the nearness 
of the object, the rays which form the image are nearly 
parallel. ' 

Optical Instruments. 

Single Microscope. The principle of the single micro- 
sC(H>e, or convex lens, will be readily understood, if the pupil 
will remember what haa been said on the refraction of lenses, 
in connexion with the lactsjust stated. For, the reason why 
objects appear magnified tbough a convex lens, 'is not only 
because the visuBi angle is increased, but because when 
brought near the eye, Uie diverging rays from the object are 
rendered parallel by the lens, ami are thus thrown into a con- 
dition to be brought to a focus in the proper place by the hu- 



SuppoM otjecM eouH be aeeai distinctlywilhin Ki inch or two of the eye, 
how wauU theii dunensioiu he ofiected 1 How ie h proved that ohjecta plikcal 
near the e^e ore iruignlfied 1 How doea a smatt orifice enable us to bpo 
«n object distinctJy near the ejet Whj doe> a convex len* make an object ' 
<tii)JDct wboi nev the eye 1 
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Pig. 166. Let a, fig. 166, 

be the distance at 
which an object 
can be seen dis* 
tinctly, and b, the 
distance at which 
the same object is 
seen through the 
lens, and suppose 
the distance of a, from the eye, be twice that of h. Then, be- 
cause the object is at half the distance that it was before, it 
will appear twice as large ; and had it been seen one third, 
one fourth, or one tenth its former distance, it would have 
been magnified three, four, or ten times, and consequently its 
surface would be increased 9, 16, or 100 times. 

The most powerful single microscopes ^are made of minute^ 
globules of glass, which are forfned by melting the ends of a 
tew threads of spun glass in a candle« Small globules of 
water placed in an orifice through a piecfe of tin, or other thin 
substance, will also make very powerfiil microscopes. In 
these minute lenses, the focal distance is only a tenth or 
twelfth part of an inch from the lens, and therefore the eye, 
as well as the object to be magnified, must be brought very 
near the instrument. ^ ' ^ 

The Compound Microscope consists of' two convex lenses, 
by one of which the image is formed within the tube of the 
instrument, and by the other this image is magnified, as seen 
by the eye ; so that by this instrument the object itself is not 
seen, as with the single microscope, but we see only its mag- 
nified image. 

The small lens placed near the object, and by which its 
imaffe is formed within the tube, is called the object glass, 
while the larger one, through which the image b seen, is 
called the eye glass. 

This arrangement is represented at fig. 167. The object a 
is placed a little beyond the focus of the object glass 5, by 
which an inverted and enlarged image of it is formed within 
the instrument at c. This image is seen through t^e ey4 

Explain f^. 166. How are the most powerful single microscopes made ? 
How many tenses form the compound micToscope 1 Which is the object and 
which the eye glawl U the object seen with this instrument, or only id 
imaged 
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glasa d, by which it is a?ain magitified, and it is at last figurai 
on the retina in its original position. 

These glasses are set in & case of brass, the object glass be- 
ing made to take out, bo that others of different magnif3dng 



powers may be used, 

The Solar Microscope 
called the coTKfeji ser jTjecauae 



.-.. regmres. 

iats of two^enses, one of which ia 

■' iployed to concenlrat« the 



rays of the sun, in order to illuminate more strongly the object 
to be magnified. The other is a double convex lens, of con- 
siderable magnifying power, by which the image is foTRk^d. 
In addition to these lenses, there is a plain mirror, or piece of 
common looking-glass, which can be moved in any direction, 
and which reflects the rays of the sun on the condenser. 



The object a, fig. 168, being placed nearly in the focus of 
the condenser b, is strongly Oluminated, in consequence of tlie 
niya of the sun being thrown on &, by the mirror c. The ob- 
ject is not placed exactly in the foc; of the condenser, be- 
cause, in most cases, it would be soon destroyed by its heat, 

ExpUin fig. 1^, and aliow where the im&m u finmed in this tnbe. Ha>r 
manj leosei h*a the boUt microscnie 1 Why k oae of tbe leiuee of the 
__• — n cftUed the eondeiuer 1 Detsrilie the am of the two leDMi 
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and because the focal point would illuminate only a aiiSall 
extent of surface, but may be exactly in the focus of the small 
lens d, by which no such accident can happen. The lines o d, 
represent the incident rays of the^un, wiuch are reflected on 
the condenser. 

When the solar microscope is used, the room is darkened, the 
only light admitted being ^hat which is thrown on the object 
by the condenser, which light passing through the small lens, 
gives the magnified, shadow! e, of the small objects, on the 
wall of the room, oi on a screen* The tube containing the 
two lenses is passed through the window of the room, the re- 
flector remainmg outside. 

In the ordinary use of this instrument, the object itself is 
not seen, but only its shadow on the screen, and it is not de- 
signed for the examination of opaque objects. 

' When the small lens of the solar microscope is of great 
ma^fying power, it presents some of the most striking and 
curious of optical phenomena. The shadows of mites from 
cheese, or figs, appear nearly two feet in length, presenting an 
appearance exceedingly formidable and disgusting; and the 
insects from common vinegar appear eight or ten feet long, 
and ki perpetual- motion, resembling so many huge serpents. 

Telescope. ,The telescope is an optical instrument, employ- 
ed to view distant bodies, and, in effect, to bring them nearer 
the eye, by increasing the apparent angles under which such 
objects are seen. ^ , , ^ ' 

These instrunilents are of two kinds, ntkmely^/refractinff, 
and reflecting telescopes. In the first kind, the image of the 
object is seen with the eye directed towards it ; in the second 
kind, the image is seen by reflection from a mirror, while the 
back is towards the object, or by a double Reflection, with the 
face towards the object. 

The telescope is the most important of all optical instro- 
m,ents» since it unfolds the wonders of other worlds, and gives 
u^ the means of calculating the distances of the heavenly bo- 
dies, and of explaining their phenomena for astronomical and 
nautical purposes. 

The principle of the telescope will be readily comprehend^ 
ed afler what has been said concerning the compound micro- 
scope, for the two instruments differ chieflyun respect to the 

Ib the object, or only the shadow, seen by this instmrnentl What b a 
tdeacopel How many kinds of telescopes aie mentoiedl What is the dtf- 
ftseiioe between them 1 In what respect does tlw xefractmg' teksoope difiBr 
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place of the object lens, that of the microscope hayins a shorty 
while that of the telescope has a long, focal distance!! 

Refracting Jhlescape. The most "simple refracting teles*^ 
scope^consists of a tnfoe, containing two convex lenses,|Uie one 
having a long, and the other a short, focal distance, (The 
focal distance of a double convex lens, it will be remembered, 
is nearly the centre of a sphere, of which it is a part) These 
two lenses are placed in the tube, at a distance from each 
other equal to the sum of their two focal distances. 

Fig. 169. 




Thus, if the focus of the object glass a, fig. 169, be eisht 
inches, and that of the eye fflass h two inches, then the dis- 
tance of the sums of the foci will be ten inches, and, there- 
fore, the two lenses must be placed ten inches apart; and the 
same rule is observed, whatever may be the focal lengths of 
any two lenses. 

Now, to understand the effect of this arrangement, suppose 
the rays of light, c d, coming from a distant object, as a star, 
to fall on the object glass a, in parallel lines, and to be refract-*' 
ed by the lens to a focus at e, where the image of the star will 
be represented. ■ This image is then magnified by the eye 
glass 0, and thus| in effect, is brought near the eye. 

All iJiat is. effected by the telescope, therefore, is to form an 
image of a distant object, by means of the object fens, and 
then to assist the eye in viewing this image as nearly as pos- 
sible by the eye lens. 

It is, however, necessary here to state, that br the last 
figure, the principle only of the tel^cope is intended to be ex- 
plumed, for in the common instrument, with only two glasses, 
the image appears to the eye inverted. 

The reason of this will be seen by the next figure, where the 
direction of the rays of light will show the position of the image. 

How u the most umpfe lefractixtt teleico]^ formed 1 Which is the object, 
and which the eye tens, in fig. 169 7 What is the rule by which the distance 
of the two glasses apart is found 1 How do the two glasses act, to bring an 
objtHJt near die eye f 
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Suppose Oj fig. 179, to be a distant object, fi-om which pencils 
of rays flow firom every point toward the object lens 6. The 
image of a, in consequence of the refraction of the rays by 
the object lens, is inverted at c, which is the focus of the eye 
glass df and through which the image is then seen, still m- 
rerted. 

The inversion of the object is of little consequence when 
the instrument is employed for astronomical purposes, for 
since the forms of the heavenly bodies are spherical, their po- 
sitions, in this respect, do not affect their general appearance. 
But for terrestrial purposes, this is manirestly a great defect, 
and therefore those constructed for such purposes, as ship, or 
spy glasses, have two additional lenses, by means of which, the 
images are taade to appear in the same position as the objects. 
These are called double telescopes. 

Fig. 171. 




Such a telescope s represented at fig. 171, and consists of 
an object glass a, and three eye glasses, &, c, and d. The eye 
dasses are placed at equal distances from each other, so 
tnat the focus of one may meet that of the other, and thus the 
image formed by the object lens, will be transmitted throuffh 
the other three lenses, to the eye. The rays coming from tne 
object <?, cross each other at tne focua of the object lens, and 
thus form an inverted image at/. This image bemg also in the 

Explain fig. 170, and show how the objaet comes to be invAted by the 
two leneee. How is the invemon of the olneet corrected 1 Escpbtin fig. 171, 
and show why the two additional lenses make the image of the object enet. 
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focus of the first eye^ dass, 6, the rays having passed through 
this glass becokne parallel, for, we have seen, in another place, 
that diverging rays are rendered parallel by refraction through 
a convex fens. The rays, therefore, pass parallel to the next 
lens, c; by which they are made to converge, and cross each 
other, ana thus the image is inverted, and made to assume the 
original position of the object o. Lastly, this image, bein^ in 
the focus of the eye glass (2, is seen in the natural position, 
or in that of the oliject 

The apparent magnitude of the object is n^ changed by 
these two additional glasses, but depends, as in ^g, 170, on the 
magnifying power of the eye and object lenses ; the two glasses 
being added merely for the purpose of making the image ap- 
pear erect 

It is found that an eye glass of very high ms^gnifying pow- 
er cannot be employed in the refracting telescope, ^ecause it 
disperses the rays of light, so that the image becomes indis- 
tinct ' Many experiments were formerly made with a view to 
obviate this difficulty, and among these it was found tha^ in- 
creasing the focal distance of the object lensy was the niost 
efficacious. But this was attended with great inconvenience, 
and expense, on account of the length of tube which this mode 
required. These experiments were, however, discontinued, 
and the refracting telescope itself chiefly laid aside for astro- 
nomical purposes, in consequence of the discovery of the re- 
flecting telescope. 

Reficting 'telescope. The common reflectini? telescope 
consists of a large tube, containing two concave reflecting mir- 
rors, of diflerent sizes, and two eye glasses.' The obiect i? 
first reflected from the large mirror to the small one, and from 
the small one, through the two eye glasses, where it is then 
seen. 

In comparing the advantages of the two instruments, it need 
only be stated, that the refracting telescope, with a focal length 
of a thousand i^et, if it could be used, would not magnify dis- 
tinctly more than a thousand times, while a reflecting telescope, 
only eight or nine feet long, will magnify with distinctness 
twelve hundred times. 

Does the addition of these two lenses make any di£feience with the appft- 
lent ma^itnde of the otject t Why.cannot a highly magnifying eye gnuM 
be used in the telescopef What is the most efficadoos means ofmcreasing 
the power of the lefiracting telescope % Howmany lenses and numm finm 
the reflecting telescopel What aie the adrantages of the xeflecdng o?er th0 
Rfiracting toleBoopel 
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The principle and construction of the reflecting telescope 
will be understood by ^g, 173. Suppose the object o to be at 
such a distance, that the rays of lignt from it pass in parallel 
lines, p, p, to the great reflector, r, r. This reflector being 
concave, the rays are converged by reflection^ and cross each 
other at a, by which the image is inverted. The rtiys then 
pass to the small mirror, 5, which being also concave, they are 
thrown back in nearly parallel lines, and having passea the 
aperture in the centre of the great mirror, fall on the plano-con- 
vex lens e. By this lens they are refracted to a focus, and 
xsross each other between e and d, and thus the image is again 
inverted, and brought to its orlgnal position, or in the position 
of the object. The rays then, passing the second eye glass, 
form the image of the object on the retina. 

The large mirror in this instrument is fixed, but the small 
one moves, backwards and forwards, by means of a screw, so 
as to adjust the image to the eyes of diflerent persons.; 
Both mirrors are made of a composition, consisting ot several 
metals melted together. 

One great advantage which the reflectinj^ telescope possess^ 
es over the refractinff, appears to be, that it admits of an eye 
glass of shorter focal distance, and consequently, of greater 
magnifying power.) The convex object glass of the refracting 
instrument, does not form a perfect image of the object, since 
some of the rays are dispersed, and others colored by refrac- 
tion. This difficulty does not occur in ^e reflected image 
from the metallic mirror of the reflecting telescope, and conse- 
quently it may be distinctly seen, when more hignly magnified. 

The instrument just described is called " Gregory's teleS" 
eofey\ because some parts of the arrangement were invented 
by Dr. Gregory. 

Ezj^lain fig. 173, and ahow the ooune of the nys from the object to the eye. 
Why 18 the smaUjmnor in this instrument made to moYebymeanaof asciew) 
What 18 the advantage of the reflecting telescope in respect to the eve ghfli? 
Why is the telescc^ with two reflectors called Gregoiy's teleaoopel 
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In the telescope made by Dr. Herschel, the object is reflect- 
ed by a mirror, as in that of Dr. Gregory. But the second, 
or small reflector, is not employed, the image being seen 
through a convex lens, placed so as to magiiif)^ the image of 
the lar^e mirror, so that the observer stands with his ba3c to- 
wards 3ie object. 

The magnifying power of this instrument is the same as 
that of Dr. Gregory's, but the image appears brighter, because 
there is no second reflection ; for every reflection renders the 
ima^e fainter, since no mirror is so perfect as to throw back 
all the rays which fall upon its surface. '' 

In Dr.HerschePs grand telescope, the largest ever con- 
structed, the reflector was 48 inches in diameter, and had a 
focal distance of 40 feet.; " This reflector was three and a half 
inches thick, and weighed 2000 poimds. Now, since the fo- 
cus of a concave mirror is at the distance ofone half the semi- 
diameter of the sphere, of which it is a section. Dr. HerscheFs 
reflector having a focal distance of 40 feet, formed a part of 
a sphere of 160 feet in diameter. 

This great instrument was begun in 1785, and finished four 
years anerwards. The frame by which this wonder to all as- 
tronomers was supported, having decayed, it was taken down 
in 1822, and another of 20 feet focus, with a reflector of 18 
inches in diameter, erected in its place, by HerscheFs son. 

The largest Herschel's telescope now in existence is that 
of Greenwich observatory, in England. This has a concave 
reflector of 15 inches in diameter, wit]i a focal length of 25 
feet, and was erected in 1820. 

Camera Ohscura. Camera obscura strictly signifies a dark- 
ened chamber, because the room must be darkened, in order 
to. observe its eflects. 

To witness the phenomena of this instrument, let a room be 
closed in every direction, so as to exclude the liffht. Then 
from an aperture, say of an inch in diameter, admit a single 
beam of light, and the images of external things, such as trees, 
and houses, and persons walking the streets, will be seen 
inverted on the wall opposite to where the light is admitted, or 
on a screen of white .paper, placed before the aperture, ' 

How does this instrument differ from Dr. Heischers telescope 1 What 
was the focal distance and diameter of the minor in Dr. HerBcneFs great 
telesco^? Where is the largest Herschel's telescope now in existence 1 
What is the diameter and fociQ distance of the reflector of this telescope 1 
Describe the phenomena of the camera obscura. 
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The reason why the image is inverted, will be obvioos, 
when it is remembered that the ■ rays proceeding from the 
extremities of the object must converge in order to pass 
Uirough the small aperture ; and as the rays of liffht always 
proceed in straight lines, they must cross each ouier at the 
point of admission, as explained under the article Vision* 

Fig. 173. ^ Thus the j^en- 

cil a, fig. 173, 
coming from the 
upper part of the 
tower, and pro- 
ceeding straight 
will represent 
the ima^e of that 
part at % while 
the lower part 
c, for the same 
reason will be 
represented at (2. If a convex lens, with a short tube, be pla- 
ced in the aperture through which the light passes into the 
room, the images of things will be much more perfect, and 
their colors more brilliant. 

This instrument is sometimes 
employed by painters, in order 
to obtain an exact delineation of 
a landscape, an outline of the im- 
age being easily taken, with a 
pencil, when the image is 
thrown on a sheet of paper* 

There are several modifica- 
tions of this machine, and among 
them the revolving camera ob- 
scura is the most interesting. 

It consists of a small house, 
fig. 174, with a plane reflector, 
a bf and a convex lens, c 5, pla- 
ced at its top. The reflector is 
fixed at an angle of 45 degrees 
with the horizon, so as to reflect 




Why is the image ibnned by the camera obseiira imerted 7 How may aa 
CMBrtKne of the image jfonned by the camera obecura be taken 1 Describe the 
revolving camera mcunu 
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e nya of light perpetidicalarly downwards, and is made to 
volve quite around, in either direction, hy pulling a h 



revolTc quite around, in either direction, Ijy pulling a Btrin^. 

Now suppose the small house to be placed in the open air, 
with the mirror a b, turned towards the east, then the rays of 
li^ht flawing from the objects in that direction, will strike the 
mirror in the direction of the Hnea o, and be reflected down 
through the convex lens c 6, to the table e e, where they will 
form m miniatare a moat perfect and beantiful picture of the 
landscape in that direction. Then by making the reflector 
revolve, another portion of the landscape may be seen, and 
thus the objects in all directions can^be viewed at ^without 
changing the place of the instrument. 

The Magic Lantern. The Magic Lantern is a microscope, 
on the. same principle as the solar microscope. But instead 
of beine used to magnify natural ol^ects, it is commonly em- 
ployed for amusement, by casting the shadows of small trans- 
parent paintings done on glass, upon a screen placed at a pro- 
per distance. _ _ 



' Let a candle, c, fig. ITS, be placed on the inside of a Emx, or 
tube, so that its light may pass through the plano-confex leas n, 
and strongly illuminate the object o. This object is generally a 
Bmall transparent painting on a slip of glass, which slides 
through an opening in the tube. In order to show the flgures in 
the erect position, these paintings are inverted, since their sha- 
dowa are again inverted by the refraction of the convex lens m. 
In some of these instruments, there is a concave mirror, d, 



by which the object, o, is more strongly Illuminated than it 
would be by the lamp alone. The object is magnified by the 
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double convex letos, m, which is moveaUe in the tube hj a 
screw, so that its focus can be adjusted to the required dis- 
tance. Lastly, there is a screen of white cloth, placed at the 
proper distance, on which the image, or shadow of the pic- 
ture, is seen greatly magnified. 

Tlie pictures, being of various colors, and so transparent, 
that the light of the lamp shines through them, the shadows 
are also of various colors, and thus soldiers and horsemen 
are represented in their proper costumW 

Chromatics, or the philosophy of Ckilors. 

We have thus far considered light as a simple substance, 
and have supposed that all its parts were equallv refracted, in 
its passage tnrough the several lenses described. But it will 
now be shown that light is a compound body, and that 
each of its rays, which to us appear white, is composed of 
several colors, and that each color suffers a different degree 
of refraction, when the rays of light pass through a piece of 
glass, of a certain shape. 

The discovery, that light is a compound substance, and 
that it may be d.ecomposed, or separated into parts, was made 
by Sir Isaac Newton. . 

Jt a ray, proceedinfi^ from the sun, be admitted into a dark- 
ened chamber, throu^ an aperture in the window Gutter, 
and allowed to pass through a triangular shaped piece of fflass, 
called a prism, the light will be decomposed, and instead of a 
spot of white light, there will be seen on the opposite wall, a 
most brilliant display of colors, including all those which are 

«een in the rainbow* 

Fig. 176L 




"Who made the dueoveiy that fight u a oompucmd sobttaaoel In what 
ainner and by what meaiui, ia fight decompoaea ? 

IT 



IM €BAOMATICS. 

Suppose Sf fif • VKf to be a ray from Ae sun, admitted 
dirougn the window shutter a, in such a direction as to fiill on 
tiie floor at c, where it would form a round, white spot. Now, 
on interposing Uie prism p, the ray will be refracted, and at the 
same time decomposed, and will form on the screen m n, an 
oblong figure, containing seven colors, which will be situated 
In respect to each other, as named in the figure. . 

It may be observed that of all the colors, the \red is least 
refracted, or is thrown the smallest distance from the diree<* 
tion of die original sun beam, and that the (violet is most . re> 
fracted, or bent out of that direction. 

The oblong image containing the colored rays, is called 
the solar or prismatic spectrumA 

That the rays of the sun are composed of the seven colors 
above named, is sufficiently evident by the fact, that such a 
ray is divided into these several colors by passing through 
the prism, but in addition to this proof, it is found by experi- 
ment, that if these several colors be blended or mixed togetb* 
er, white will be the result 

This may be done by mixing together seven powders, whose 
eolors represent the prismatic colors, and whose quantities are 
to each other, as the spaces occupied by each color in the 
spectrum. When this is done, it will be found that the re- 
sulting color will be a greyish white. A still more satisfiictory 
proof that these seven colors form white, when united, is ob- 
tained by causing the solar spectrum to pass t})f ou^h a lens, 
by which they are. brought to a focus, when it is found that 
tiie focus will be the same color as it would be firom the 
original rays of the sun. 

From the oblong shape of the solar spectrum, we learn that 
each of the colored ra3rs is refracted in a different deme br 
passing through die same medium, and consequently that each 
ray has a refractive power of it^ own. Thus from the red to 
the violet, each ray in succession, is refracted more tha£ die 
other. 

The prism is not the only instrument by which light ean be 
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' What aie the pngnntk colon, and how do ihey 80^^ 
ipectmml Whieli oolnr la lefiracted moat, and which leaat 1 When the bb- 
mal prismatic colon aie UendaL what color is the letsuH ? When the aolar 
flpectram k made to pan throngn a lens, what is the color of the fixnal 
now do we leam that each corned ray has a refractive power of its owsl 
Bf what oUmc iDBUislMaUb the prion, can the rays of Qght be decomposes 1 
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decomposed. A soap bublje blown up in the sun will display 
most of the prismatic colorst This is accounted for by sup- 
posing that the sides of tfa^ bubble yary in thickness, and 
that uie rays of light are decomposed oy ^ese variations. 
The unequal surface of mother of pearl, and many other shells, 
send forth colored rays on the same principle. 

Two surfaces of polished glass, when pressed together, will 
also decompose the light. Kings of colored light, will be ob- 
served round the point of contact between the two surfaces, 
and their number may be increased or diminished by the 
degrees of pressure. Two pieces of common looking glass, 
pressed together with the migers, will display most of the 
prismatic colors. 

A variety of substances, when thrown into the form of the 
triangular prism, will decompose the rays of light, as well as 
a prism of glass. A very common instrument for this purpose 
is made by putting together three pieces of plate glass, in 
form of a prism. The ends may be made of wood, and the 
edges cemented with putty,^ so as to make the whole water 
tight When this is filled, with water and held before a sun 
b^ma, the solar spectrum will be formed, displaying the same 
colors, and in the same order, as that above described. 

In making experiments with prisms filled with dilSerent 
kinds of liquids, it has been found that one liquid will make 
the spectrum longer than another ; that is, the red and violet 
rays, which form the extremes of tiie spectrum, will be thrown 
&rther apart by one fluid, than by another. For example, if 
the prism be filled with oil of cassia, the spectrum formed by 
it will be more than twice as long as that formed by a prism 
of solid glass. The oil of cassia is therefore said to disperse 
the rays of light more than glass, and hence to have a great- 
er dispersive power. 

The Rainbow. The rainbow was a phenomenon, for which 
Ae ancients were entirely unable to account ; but after the 
discovery that light is a compound principle, and that its col- 
ors may be separated by various substances, the solution of 
this phenomenon became easy. 
^Sir Isaac Newton, after his great discovery of the compound 

How may light be deccnnposed by two pieees of jgluMl Of wbatsub- 
■tances may pngma be formed, besides glass 1 What is said of some liquids 
making the spectrmn larger than others 1 What is said of oil of cassia, in 
respect 1 what di^vexy yteceded the expUtnation of the rainbow 1 
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Afttnre of light, aad the difierent refrangibiHly of ihe colored 
fftTSy was able to explain the rainbow on optical principles. 

If a glass dobe be suspended in a room, where the rays of 
tfafe sun can mil upon it, the light will be decomposed, or sepa* 
fated into several colored rays, in the same manner as is 
done by the prism. A well ^fined spectrum will not, how- 
eveVf be formed by the globe, oecause its shape is such as to 
duperse some of the rays, and converge others ; but the eye, 
by taking different positions in respect to the globe, will oh* 
serve the various prismatic colors. Transparent bodies, 
mch as glass and water, reflect the rays of liffht from both 
their surfaces, but chiefly from the second surmce^ That is, 
if a plate of naked glass be placed so as to reflect ' the image 
of the sun, or of a lamp, to the eye, the most distinct image 
will come from the second surface, or that most distant from the 
eye. The great brilliancy of the diamond is owing to this cause. 
It will be understood directly, how this principle applies to 
die explanation of the rainbow. 

^•IT^. Suppose the 

circle a b c, fig. 
1T7, to represent 
a^lobe or a drop 
of rain, for each 
drop of rain, as it 
[^ &lls through the 
air, is a small 
globe of water. 
Suppose, also, 
that the sun is at 
e, and the eye of 
the spectator at^. 
Now, it has ah*eady been stated, that from a single globe, the 
whole solar spectrum is not seen in the same position, but 
that the different colors are seen from different places. Sup- 
pose then, that a ray of lisht from the sun ^, on entering 
the globe at a, is separated mto its primary colors, and at the 
same time the red ray, which is the least refrangible, is refract- 
ed in the line from a to b. From the second, or inner sur- 
fiice of the globe, it would be reflected to c, the angle of re- 

Who first explained the rainbow on optieal principles? Why does not a 
glass globe form a well defined spectrum 1 From wbK^h surface do transpar 
vent bodies chiefly reflect the light 1 Explain fig. 177, and show the diflmnt 
refractions, and the zeflection concerned in fozming the rainbow. 
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flection being equal to that of incidence. On piussing out of 
the globe, its refraction at c, would be just equiu to the refrac- 
tion of the incident ray at a, and therefore the red ray would 
fall on the eye at e. All the other colored rays would follow 
the same law, but because the angles of incioence and tlfbse 
of reflection are equal, and because the colored rays are sepa« 
rated from each other, by unequal refraction, it is obvious tnat 
if the red ray entered the eye at e, none of the other colored 
rays could be seen from the same point 

r%m this it is evident, that if Qie eye of the spectator is 
motred to ancfther position he will not see the red ray coming 
from the same drop of rain, tiut only the blue, and, if to ano- 
ther position, the green, and so of all the others. •; But in a 
shower of rain, there are drops at all heights, and^distances, 
and though they perpetually change their places, in respect to 
the sun and the eye, as they fall, still there will be many 
which wi]l be in such a position as to reflect the red rays to 
the eye, and as many more to reflect the yellow rays, and so 
of all the other colors. 

Fig. 178. This will be made 

obvious by fig. 178, 
where, to avoid 
confusion, we will 
suppose that only 
three drops of rain, 
and consequently, 
only three colors 
are to be seen. 

The numbers 1, 
2, 3, are the rays of 
the sun, proceeding 
to the drops a, ft, 
c, and from which 
these rays are re- 
flected to the eye, 
making diflerent 
angles with the 
horizontal line ?i, 
because one colored 

In the case supposed, why will only the red ray meet the eye 1 Suppose 
a person looking at a rainbow moves his eye, will he see the same colors from 
the same drop of rain ? Explain fig. 178, and show why we see diffeisnl 
•olors ftom diflerent drops of rain. 
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ray is refracted more, than another. Now suppose the red ray 
omy reaches the eye from the drop a* the green from the drop 
hf and the violet from the drop (\ ttien the spectator would see 
a minute rainbow of three colors. But during a shower of rain^ 
all the drops which are in the position of a, in respect to the 
eye, would send forth red rays, and no other, while those in the 
position of b, would emit green rays, and no other, and those in 
me position of c, violet rays, and so of all the other prismatic 
colors. Each circle of colors of which the rainbow is formed, 
is therefore composed of reflections from a vast number of dif- 
ferent drops of rain, and the reason why these colors are dia- 
tinct to our senses, is, that we see only one color from a single 
drop, with the eye in the same position. It follows, then, that 
if we chanffe our position, while looking at a rainbow, we still 
aee a bow, Dui;noi the same as before, and hence, if there agfe 
many spectators, ^ey will all see a different rainbow, though%* 
appears to be the same. 

There are often seen two rainbows, the one formed as 
above described, and the other which is fainter, appearing 
on the outside, or above this. The secondary bow, as this 
last is called, always has its order of colors the reverse of the 
primary one. Thus the colors of the primary bow, beginning 
with its upper, or outermost portion, are red, orange, yellow, 
Ac the lowest, or innermost portion being violet, while the 
secondary bow, beginning witn the same corresponding part, 
is colored, violet, indigo, &c. the lowest, or innermost circle 
being red. , 

In the primary bow we have seen, that the colored rayv 
arrive at the eye after two refractions, and one reflection.^ 
In the secondary bow, the rays reach the eye after two re- 
fractions, and two reflections, and the ord^r of the colors is 
reversed, because in this case, the rays of light enter the 
lower part of the drop, instead of the upper part, as in the 
primary bow. The reason why the colors are fainter in the 
aeconda^ than in the primary bow is, .because a part of the 
light is lost or dispersed, at each reflection, and mere being 
two reflections, by which this bow is formed, instead of one, 
as in the primary, the diflerence in brilliancy is very obvious. 

Do several persons see the same rainbow at the same time 1 Explain tht 
reason of this. How are the cobrs of the primary and secondary bows ar- 
ranged in respect to each other 1 How many refractions and reflections pn^ 
duce the secondary bow 1 Why is thio lecandaiy bow len bziUbnt than ths 
primaiy 1 
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The direction of a single ray, showing how the secondary 
bow is formed, will be seen at fig. 179. 

Fig. 179. The ray r, 

from the sun, 
enters Uld 
drop of W9^ 
ter at a, and 
is refracted 
to bf then 
^ reflected to c, 
then again 
reflected to 
df where it 
suffers an- 
other refrao- 
tion, and lastly, passes to the eye of the spectator at e. 

Tlie rainbow, being the consequence of the refracted and 
reflected rays of the sun, is never seen, except when the sun 
and the spectator are in similar directions, in respect to the 
shower. It assumes the form of a semicircle, because it is only 
at certain angles that the refracted rays are visible to the eye. 
Of the colors of things. The light of the sun, we have 
seen, may be separated into seven primary rays, each of 
which has a color of its own, and which is dinerent from that 
of the others. In the objects which surround us, both natural 
and artiflcialj we observe a great variety of colors, which dif- 
fer from those composing the solar spectrum, and hence one 
might be led to believe that both nature and art aflbrd col* 
■ ors diflerent from those aflforded by the decomposition of the 
solar rays. But it must be remembered, that the solar spec- 
trum contains only the prirnary colors of nature, and that by 
mixing these colors in various proportions with each other, 
an inoeflnite variety of tints, all difl^ring from their primariesi 
may be obtained. 

It appears that the colors of all bodies depend on some pe* 
enliar property of their surfaces, in consequence of^whichv 
itiey absorb some of the colored rays, and reflect the others* 
Had the sur&ces of all bodies the property of reflecting the 



Why are the colors of thmga difleient from those of the solar spectrum 1 
On what do the cobra of bocues depend 1 Suppose all bodies reflected tha 
raj, what would be the cosflequeoce, in i^ard to color 1 
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0ame ray only, Vn nature would di^lay the monotony of a 
single color^^ and our senses wouldT never have known the 
charms of that variety which we now behold. 

All bodies appear of the color of that ray, or of a tint depend* 
Ing on the several rays which it reflects, while all the other 
rays are absorbed, or, in other terms, are not reflected. Black 
and white, therefore, in a philosophical sense, cannot be consi- 
dered as colors, ^ince the first anses from the absorption of all 
the rays, and the reflection of none, and the last is produced 
by the reflection of all the rajrs, and the absorption of none.. 
But in all colors, or shades of color, the rays only are reflect- 
ed, of which the color is composed. Thus the color of grass, 
and the leaves of plants is greenl because the surfaces of these 
substances reflect only the green rays, and absorb all the others.) 
For the same reason the rose is red, the violet blue, and so oi 
all colored substances, every one throwing out the ray of its 
own color, and absorbing all the others. 

To account for such a variety of colors as we see in difller- 
ent bodies, it is supposed that all substances, when made suf* 
ficicntly thin, are transparent, and consequently, that they 
transmit through their surfaces, or absorb, certain rays ol 
light, while other rays are thrown back, or reflected, as above 
described. Gold, for example, may be beat so thin as to 
transmit sOme of the rays of light, and the same is true ot 
several of the other metals, which are capable of beinff hanv- 
merod into thin leaves. It is therefore most probable, that 
all the metals, could they be made sufliciently thin, would 
permit the rays of light to pass through them. Most, if not 
quite all mineral substances, though m the mass they may 
seem quite opaque, admit the light through their edges, when 
broken, and almost every kind of wood, when made no thinner 
than writing paper, becomes translucent. Thus we may safe- 
ly conclude, that every substance with which we are ac- 
Suainted, will admit the rays of light, when made sufliciently 
lin. 

Transparent colorless substances, whether solid or fluid, 
such as glass, water, or mica, reflect and transmit light of the 
same color ; that is, the light seen through these bodies, and 
reflected from their surfaces, is whitev This is true of ajl 

Why are not black, and white, considered as colon 1 Why is the color 
of grass green ? How is the varie^ of cobrs accounted ibr, by considering 
dl bodies transparent 1 What is said of the reflection of colored light by 
transparent sabstanoes 1 
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transparent sul>stances nnder ordinary circomstanees ; but if 
their thickness be diminished to a certain extent, these sub- 
stances will both reflect, and transmit colored light of various 
hues, according to their thickness. Thus the thin plates of 
mica^ which are left on the fingers, after handling that sub* 
stance, will reflect prismatic rays of various colors. 

There is a degree of tenuity, at which transparent substan- 
ce cease to reflect any of the colored rays, but absorb, or 
transmit them all, in which case they become black. This 
may be proved by various experiments. ' If a soap bubble be 
closely observed, it will be seen that at first, the ttiickness is 
sufficient to reflect the prismatic rays from all its parts, but as 
it grows thinner, and just before it bursts, there may be seen 
a spot on its top, which tarns black, thus transmitting all the 
rays at that part, and reflecting none. The same phenome- 
non is exhibited, when a film of air, or water, is pressed be- 
tween two platen of glass. At the point of contact, or where 
the two plates press each other with the greatest force, there 
wOl be a black spot, Mfhile around this, there may be seen a 
system of colored rings. 

From such experiments, Sir Isaac Newton concluded, that 
air, when below the thickness of half a millionth of an inchf 
ceases to reflect light; and also that water, when below the 
thickness of three eighths of a millionth of an inch, ceases to 
reflect lights But that both air and water, when their thick- 
ness is in a certain degree above these limits, reflect all the 
colored rays of the spectrum. ^ 

Now all solid bodies are more or less porous, havmg among 
their particles either void spaces, or spaces filled with some 
foreign matter, diflfering in density from the body itself, sucb 
as air or water. Even gold is not perfectly compact, since 
water can be forced through its pores. It is most probable, 
then, that the parts of the same body, difiering in density* 
either reflect, or transmit the rays of light according to the 
size, or arrangement of their particles ; and in proot of this, 
it is found that some bodies transmit the rays of one color, 
and reflect those of another. Thus the color which passes 
through a leaf of gold b green, while that 'which it reflects is 
yellow. / 

From a great variety of experiments on this subject, Sir 

What substance is mentioned, as illustrating this fact ? When is it said 
that transparent substances become black 1 How is it proved that fluidfl of 
extrome tenuity, absorb all the rays and reflect none) 
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Inac Newton concludes that the transparent parts of 
according to the sizes of their transparent pores, reflect rays 
of one color, and transmit those of another, for the same rea- 
son that thin plates, or minute particles of air, water, and some 
other substances, reflect certain rays, and absorb, or transmit 
others, and that this is the cause of all their colors. 

In confirmation of the truth of this theory, it may be observ- 
ed, that many substances, otherwise opaque, become trans- 
parent, by filling their pores with some transparent fluid. 

Thus the stone called HydrophanSf is perfectly opaque, 
when dry, but becomes transparent when dipped in water ; 
and common writing paper becomes translucent, after it has 
absorbed a quantity of oil. The transparency, in these cases, 
may be accounted for, by the diflerent refractive powers 
which the water and oil possess, from the stone, or paper, and 
in consequence of which the light is enabled to pass among 
their particles by xefiraction. 



ASTRONOMY. 

Astronomy is that science which treats of the motions and 
appearances of the heavenly bodies ; accounts for the pheno- 
mena which these bodies exhibit to us, and explains the laws 
by which thejr motions, or apparent motions, are re^ulated^ 

Astronomy is divided into Descriptive^ Physical^ and PrtiG' 
Heal. 

J)escriptive astronomy demonstrates the magnitudes, distan- 
ces, and densities of the heavenly bodies, and explains ihe 
phenomena dependant on their motions, such as the change 
of seasons, ana the vicissitudes of day and night. 

Physical astronomy explains the theory of planetary mo-* 
tion, and the laws by which this motion is regulated and sus- 
tained. 

Practical astronomy details the description and use of as- 
tronomical instruments, and developes the nature and appli- 
cation of astronomical calculationsX 

The heavenly bodies are divided {nta three distinct classes, 

What ia the conclusion of Sir Isaac r^dwton, concerning the tenuity at 
which water and air cease to reflect light 1 What is said of the porous na- 
ture of solid bodies 1 What is astronomy 1 How is astronomy divided 1 
What does descriptive astronomy teach 1 What is the object of physical 
wtronomyl What is practical astEonomy 1 
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o»r systems, namely, Uie solar sjrstem, consis^h^ of ihe suii» 
moon, and planets, the system of the fixed stars, and the sys* 
tern of the comets. 

2%6 Solar System* 

The Solar system consists of the sun and twenty-nine other 
bodies, which revolre around him at various distances, and in 
various periods of time. 

Th^ bodies which revolve around the sun as a centre, are 
called- primary planets^ Thus, the Earth, Venus, and Mars, 
are primary planets. Tliose which revolve arobnd the primai* 
ry planets, are called secondary planets, moons^ or satelliteSf 
Our moon is a secondary planet or satellite. 

The primary planets revolve around the sun in the following 
order, and complete their revolutions in the following times, 
computed in our days and years. Be^ning with that nearest 
to the sun. Mercury performs his revolution in 87 days and 23 
hours ; Venus, in 2S24 days, 17 hours ; the Earth, attended by 
.the moon, in 365 days, 6 hours ; Mars^' in 1 year, 322 days ; 
Ceres^ in 4 years, 7 months, and 10 days ; Pallas, in 4 years, 
7 months, and 10 days ; 1 Juno, in 4 years and 128 days ; Ves* 
ta,yin 3 years, 66 days, and 4 hours ; Jupiter, in 11 years, 315 
dtfys, and 15 hours ; Saturn, in 29 years, 161 days, and 19 
hours ; pEIerschel, in 83 years, 342 days, and 4 hours. 
- A year consists of iSke time which it takes a planet to per^ 
form one complete revolution through its orbit, or to pass once 
around the sun; Our earth performs this revolution in 365 
days, and therefore this is the period of our year. Mercury 
completes her revolution in 88 days, and therefore her year is 
no longer than 88 of our days. But the planet Herschel is 
situat^ at such a distance from the sun, tnat his revolution is 
not completed in less than about 84 of our years. The other 
planets complete their revolutions in various periods of time, 
between these ; so that the time of these periods is generally 
in proportion to the distance of each planet from the sun. 

Ceres, Pallas, Juno, and Vesta, are the smallest oi all iha 
planets, and are cdled Asteroidsi 
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How are the heaTenly bodies di'vided % Of what does the solar systeia 
consist 1 MThat are the bodies called, which revolve around the son as a ceii» 
tn? What are those called, which levohe around these primaries as a cen* 
tre 1 In what order are the several planets situated, in respect to the sun 1 
How long does it take each planet to make its revohitioQ around the sunt 
WhatkajMrl WhtttpbnBti an called Mtembil 
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, Besides ihe aboTe enumerated priznarf planets, our system 
contains eighteen • secondary planets, or moons. Of these, 
our Earth has one moon, Jupiter four, Saturn seveii, and Her- 
schel six. .None of these moons, except our own, and one or 
two of Saturn's, can be seen without a telescope. The seven 
other planets, so fkr as has been discovered, are entirely wiA- 
out moons. ^ 

All the planets move around the sua from east to westt and 
in the same direction do the moons revolve around their pri- 
maries, with the exception of those of Herschel, which appear 
toy revolve in a contrary direction. ^ 

The paths in which the planets move round the sun, and in 
which the moons move round their primaries, are called their 
orbits. Thes(» orbits are not exactly circular, as they are com- 
monly represented on paper, but are elHptical, or oval, so that 
all the planets are nearer the sun, when in one part of their 
orbits, than when in another. 

In addition to their annual ^evolutions, some of the planets 
are known to have diurnal, or daily revolutions, like our earth. 
The periods of these daily revolutions have been ascertained 
in several of the planets by spots on their surfaces.' But 
where no such mark is discernible, it cannot be ascertained 
whether the planet has a daily revolution or not, though this 
has been found to be the case in every instance where spots 
are seen, and, therefore, there is little doubt but all have a 
daily, as well as a yearl}^ motion. 

The axis of a planet is an imaginary line passing through 
its centre, and about which its diurnal revolution is performed. 
The poles of the planets are the extremities of this axis*. 

The orbits of Mercury and Venus are within that of the 
earth, and consequently tney are called inferior planets. The 
orbits of all the other planets are without, or exterior to that 
of the earth, and these are called superior planets. 

That the orbits of Mercury and Venus are within that of 
the earth, is evident from die circumstance, that they are 
never seen in opposition to the sun, that is, they never appear 

How many moona does our system contain 1 Which of the -daDS^ am 
attended by moons, and how many has each *i In what direction do me i^anets 
move around the sun % What is the orbit of a planet 1 What leTMntioos 
have the planets, besides thdr yearly revolutions 1 Have all the planets dinr* 
nal revolutions 1 How is it known that the planets have daily revolutions! 
What is the axis of a planet 7 What is the pole of a planet 1 Which |Urt 
tb« superioTf and whicfi the infezior planetsl 
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in the west, when the sun is m the east. On the contrary, 
the orbits of all the other planets are proved to be outside of 
the earth's, since these planets are sometimes seen in oppo- 
sition to the sun. 

Pig. 180. This will be understood 

by fig. 180, where suppose 
5 to be the sun, m the orbit 
of Mercury or Venus, e the 
orbit of the earth, and j that 
of Jupiter. Now it is evi- 
dent, that if a spectator be 
placed any where in the 
earth's orbit, as at e, he may 
sometimes see Jupiter in op- 
position to the sun, as atj, 
because then the spectator 
would be between Jupiter 
and the sun. But the orbit 
of Venus, being surrounded 
by that of the earth, she never can come in opposition to 
the sun, or in that part of the heavens opposite to him, as 
seen by us, because our earth never passes between her and 
the sun. 

It has already been stated, that the orbits of the planets are 
elliptical,' and tnat, consequently, these bodies are sometimes 
nearer the ^un than at others. An ellipse, or oval, has two 
fOci, and the sun, instead of being in the common centre, is 
always in the lower foci of their orbits. 




F^. 181. 




The orbit of a planet is 
rejpresented by fig. 181, 
where ct, d^ 5, e, is an el- 
lipse, with its two foci, s 
and o, the sun bein? in the 
focus 5, which is caDed the 
lower focus. 

When the earth, or any 
other planet^ revolving 
around the sun, is ki that 
part of its orbit nearest the 



How 18 it proved that the inferior planets are within the earth's orbit, and 
the superior ones frithout it 7 Explain fig. 180, and show why the inferior 
planets never can be in opposition to the son. What are the shapes of the 
plaiMtazy orbits 1 What is meant by nerihelionl 
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sun, as at 0, it is said to be in i\»penkelion ;. and when in that 
part which is at the greatest distance from the sun, as at 5, it 
IS said to be in its aphelion. The line 5, (2, is the iuean, or 
average distance of a planet's orbit from the sun. 

Ecliptic, — The planes of the orbits of all the planets pass 
througn the centre of the sun. The plane of an orbit is an 
imaginary surface, passing from one extremity or side of the 
orbit, to the other. . If the rim of a drum head be considered 
the orbit, its plane would be the parchment extended across 
it, on which the drum is beaten. 

: Let us suppose the earth's orbit to be such a plane, cutting 
the sun through his centre, and extending out on every side 
to the starry heavens ; the great circle so made, would mark 
the line of die ecliptic^ or the sun's apparent path through the 
heavens, i ^ • 

This curcle is called the sun's appareTit path,' because the 
revolution of the earth gives the sun the appearance of passing 
through it., It is called the ecliptic, because eclipses nappen 
wlien the moon is in, or near, this apparent path. 

Zodiac. — The Zodiac is an imaginary belt, or broad circle, 
extending quite around the 'heavens. 1 The ecliptic divides the 
zodiac into two equal parts, the zoaiac extending^ 8 degrees 
on each side of the eclipticV and therefore is 16 decrees wide. 
The zodiac is divided into 12 equal parts, called the signs of 
the zodiac. 

The sun appears every year to pass around the great circle 
of the ecliptic, and consequently, through the 12 constella- 
tions, or signs of the zodiac. But it will be seen, in another 
place, that the sun, in respect to the earth, stands still, and 
that his apparent yearly course through the heavens is caused 
by the annual revolution of the earth around its orbit. 

To understand the cause of this deception, let us suppose 

What is the plane of an orUt 1 Explain what is meant by the ecliptic. 
Why is the ecliptic called the sun's apparent path ? What is the zodiac 1 
How does the ecliptic divide the zodiac i How far does the zodiac extend, 
on each side of the ecliptic? 
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B%. 183. that 5, fig. 183, is the sun, a 5, a part 

of the circle of the ecliptic, and c d, 
a part of the earth's orbit. Now, if 
a spectator be placed at c, he will 

\/ ^ see tlie sun in that part of the eclip- 
, / tic marked by 6, but when the earth 

/ moves in her annual revolution to d, 

the spectator will see the sun in that 
part of the heavens marked /by a ; 
so that the motion of the earth in one 
direction, will give the sun an appa- 
rent motion in the contrary direc- 
tion. ^ 

A sign, or constellationi^ia a col- 
lection of fixed stars! and, as we have 
already seen, the sun appears to more 
through the twelve signs of the zo- 
diac every year. Now the ?un's place in the heavens, or zo- 
diac, is found by his apparent conjunction,\or nearness to any 
particular star in the constellation. '^Suppose a spectator at c, 
observes the sun to be nearly in a line with the star at b, then 
the sun would be near a particular star in a certain constella- 
tion. When the earth moves to d, the sun's place would as- 
Bamo another direction, ctndr^he -vrould seem to tvxve moved 
into another constellation, and near the star a. 

Each of the 12 signs of the zodiac is divided into 30 small- 
er parts, called degrees; each degree into 60 equal parts^ 
called minutes, and each minute into 60 parts, called seconds jf 
The division of the zodiac into signs, is of very ancient date, 
each sign having also received the name of some animal, or 
thing, which the constellation, forming that sign, was supposed 
to resemble. It is hardly necessary to say, that this is chiefly 
the result of imagination, since the figures made by the places 
of the stars, never mark the outlines of the flares of animals, 
or other things. This is, however, found to be the most con- 
venient method of finding any particular star at this day, for 
among astronomers, r any star, in each constellation, may be 

designated by descrying the part of the animal in which it is 

- ' ' • ' t •••• •• • .. ■ , — — 

Explain fig. 182, and show why the sun seems tojpass through the eclip- 
tic, when the earth only revolves around the sun. What is a constellation, 
or sign 1 How is the sun^s apparent place in the heavens found 1 Into how 
many parts are the signs of the asodiac divided, and what aje these parts 
cailed? 
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aUuated. Thus, by knowing how man^ stars belong to the 
cqnstellation Leo, or the Lion, we readily know what 8|ar is 
ipeaiit by that which is situated on the Lion's ear or taiLi 

The names of the 12 signs of the zodiac areMries, Taurusy 
Grcfnini, Cancer, Leo, Virgo, Libra, Scorpio, Sagittarius, Ga<- 
pricorn, Aquarius, and Pisces. jf The common names, or mean- 
ing of these words, in the sanie order, are, the Ram, the Bully 
the Twins, the Crab, tfie Lion, the Virgin, the Scales, the Scor- 
pion, the Archer, the Goat, the Waterer, and the Fishes. 

Fig. 183. 




ft?f * 



The 12 signs of the zodiac, together with the sun, and the 
earth rerolving around him, are represented at ^g, 183. When 

the earth is at A, the sun will appear to be just entering the 

^^^^»~-"^^~^"~^-~^"^""^^^-^'^-~~'™^^~'»^'~- « ■ — ^— .^j. ■ 

la there any rawmblanoe between the places of the stars, and the figons 
of the animaJs after which they are called 1 Explain why this is a coo- 
Tenient method of finding any pafticalar star inafliED. What are themmet 
oftheldsignsl 
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sign Aries, because then, when seen from the earth, he ranges 
towards certain stars at the beginning of that constellation* 
When the earth is at C, the sun will appear in the opposite 
part of the heavens, and therefore in the beginning of Libra. 
The middle line, dividing the circle of the zodiac into equal 
parts, is the line of the ecliptic. 

Density of the Planets. — Astronomers have no means of 
ascertaining whether the planets are composed of the same 
kind of matter as our earth, or whether their surfaces are 
clothed with vegetables and forests, or not. They have, 
however, been able to ascertain the densities of several of 
them by observations on their mutual attraction. By density, 
is meant compactness, or the quantity of matter in a given 
space. When two bodies are of equal bulk, that which weighs 
most, has the greatest density. It was shown, while treating 
of the properties of bodies, that substances attract each other 
in proportion to the quantities of matter they contain. If, 
therefore, we know the dimensions of several bodies, and can 
ascertain the proportion in which they attract each other, 
their quantities of matter, or densities, are easily found. 

Thus, when the planets pass each other in their circuits 
through the heavens, they are often drawn a little out of the 
lines of their orbits by mutual attraction. As bodies attract in 
proportion to their quantities of matter, it is obvious that the 
small planets, if of the same density, will suffer greater disturb- 
ance from this cause, than the large ones. But suppose two 
planets, of the same dimensions, pass each other, and it is 
found that one of them is attracted twice as far out of its or- 
bit as the other, then, by, the known laws of gravity, it would 
be inferred, that one of them contained twice the quantity of 
matter that the other did, and therefore that the density of the 
one was twice that of the other. 

By calculations of this kind, it has been found, that the 
density of tiie sun is but a little greater than that of water, 
while Mercury is more than nine times as dense as water, 
having a specific gravity nearly equal to that of lead. The 
earth nas a density about five times greater than that of the 
sun, and a little less than half that of Mercury. The densi- 

Explain why the sun will be in the beginning of Aries, when the earth is 
at A, fig. 184. How has the density of the planets been ascertained 1 What 
is meant by density 1 1n what proportion do bodies attract each other 7 How 
are the densities of the planets ascert;ained'? What is the density of the 8un| 
of -Mercury, and of the earth 1 

' 18* 
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lies of the o&er planets seem to diminish in proportion M 
their distances from the sun increase, the density of Saturn, 
one of the most remote of planets, being only about one 
third that of water. 

Tlie Sun. 

The sun is the centre of the solar system, and the ^eat 
dispenser of heat and light to all the planets. Around the 
sun all the planets revolye, as around a common centre, he 
being the largest body in our system, and, so far as we know, 
the largest in the universe. 

The distance of the sun from the earth is 95 millions of 
miles, and his diameter is estimated at 880,000 miles. Our 
globe, when compared with the magnitude of the sun, is a 
mere point, for his bulk is about thirteen hundred thousand 
times greater than that of the earth. Were the sun's centre 
placed in the centre of the moon's orbit, his circumference 
would reach two hundred thousand miles beyond her orbit in 
every direction, thus filling the whole space between us and 
the moon, and extending nearly as far beyond her as she is 
from us. A traveller, who should 20 at tne rate of 90 miles 
a day, would perform a journey of nearly 33,000 miles in a 
year, and yet it would take such a traveller more than 80 
years to ffo round the circumference of the sun. A body of 
8uch migV dimensions, handn^ on nothing, it is certain, 
must have emanated from an Almighty power. 

The sun appears to move ar<»und the earth every 34 hours, 
risin? in the east, and setting in the west. This motion, as 
will be proved in another place, is only apparent, and arises 
from the diurnal revolution of the earth. 

The sun, although he does not, like the planets, revolve in 
an orbit, is, however, not without motion, having a revolution 
around his own axis, once in 25 days and 10 hours. Both the 
&ct that he has such a motion, and the time in which it is per- 
formed, have been ascertained by the spots on his surmce. 
If a spot is seen, on a revolving Dody, in a certain direction, 

his obvious, that when the same spot is again seen, in the 

- - ...... . . ■ . 

In what proportions do the dencdties of the planets, appear to diminish % 
Where is the place of the sun, in the solar system ? Wnat is the distance 
of the sun from the earth 1 What is the diameter of the sun J Suppose the 
centre of the sun and that of ^the moon's orbit to be coincident, now &r 
would the sun extend beyond the moon's orbit 1 Hpw is it proved that the 
sun has a motion around his own axis ? How often does the sun revolve 1 ^ 
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none dfrection, that the body has made one rerohitioii. By 
such spots the diurnal revolutions of the planets, as well as 
the sun, have been determined. 

Spots on the sun seem first to have been observed in die 
year 1611, since which time they have constantly attracted 
attention, and have been the subject of investigation among 
astronomers. These spots change their appearance as the 
sun revolves on his axis, and become greater or less, to an 
observer on the earth, as they are turned to, or from him ; 
they also change in respect to real magnitude and number : 
one spot, seen by Dr. Herschel, was estimated to be more 
than six times the size of our earth, being 50,000 miles in 
diameter. Sometimes forty or fifty spots may be seen at the 
same time, and sometimes only one. They are often so large 
as to be seen with the naked eye ; this was the case in 1816. 

In respect to the nature and design of these spots, almost 
every astronomer has formed a diflferent theory. Some have 
supposed them to be solid opaque masses of scoriae, floating in 
the liquid fire of the sun ; others as satellites, revolving round 
him, and hiding his lisht from us ; others as immense masses, 
which have fallen on his disc, and which are dark colored, be- 
cause they have not yet become sufficiently heated. In two 
instances, these spots have been seen to burst into several 
parts, and the parts to fly in several directions, like a piece of 
ice thrown upon the ground. Others have supposed that 
these dark spots were the body of the sun, which became 
visible in consequence of openings through the fiery matter, 
with which he is surrounded. Dr. Herschel, from many ob- 
servations with his great telescope, concludes, that the shining 
matter of the sun consists of a mass of phosphoric clouds, and 
that the spots on his surface are owing to aisturbances in the 
equilibrium of this luminous matter, by which openings are 
made through it. There are, however, objections to this the- 
ory, as indeed there are to all the others, and at present it 
can only be said, that no satisfactory explanation of the cause 
of these ^pots has been given. 

That the sun, at the same time that he is the great source 
of heat and li^ht to all the solar worlds, may yet be capable of 
supporting animal life, has been the favourite doctrine of seve- 

When were spots of the sun first observed 1 What has been the difTer- 
ence in the number of spots observed ? What was the size of the spot seen 
by Dr. Herschell Wnat has been advanced concerning the nature of 
these spots 1 Have they been acoounted in satisfactorily 1 
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ml able astronomenu Dr. Wilson first suggested that this 
might be the case, and Dr. Herschel, with his telescope, 
made observations which confirmed him in this opinion. The 
latter astronomer supposed that the fmictions of the sun, as 
the dispenser of light and heat, might be performed by a lumi* 
nous, or phosphoric atmosphere, surrounding him at many 
hundred miles distance, while his solid nucleus might be fit- 
ted for the habitations of millions of reasonable beings. This 
doctrine is, however, rejected by most writers on the subject 
at the present day. 

Mercury, 

Mercury, the planet nearest the sun, is about 3000 miles in 
diameter, and revolves around him, at the distance of 37 
millions of miles. The period of his annual revolution is 87 
days, and he turns on his axis once in about 24 days. 

The nearness of this planet to the sun, and the short time 
his fully illuminated disc is turned towards the earth, has pre- 
vented astronomers from making many observations on him. 

No signs of an atmosphere have been observed in this 
planet. The sun's heat at Merciury is about seven times great- 
er than it is on the earth, so that water, if nature follows the 
same laws there that she does here, camiot exist at Mercury, 
except in the state of steam. 

. The nearness of this planet to the sun, prevents his being 
often seen. He mav, however, sometimes be observed just 
before the rising, and a little after the setting of the sun. When 
seen after sUnset, he appears a brilliant, twinkling star, shpw-> 
ing a white ll^ht, which, however, is much obscured by the 
glare of twilight When seen in the morning, before the ri- 
sing of the sun, his light is also obscured by the sun's rays. 

Mercury sometimes crosses the disc of the sun, or comes 
between the earth and that luminary, so as to appear like a 
small dark spot passing over the sun's face. Tnis is called 
the transit of Mercury. 

Venus. 
Venus is the other planet, whose orbit is within that of the 

r - ■ ^^i^Mii I - III ■ III ^111^^ — Ti ri I I — - - — - ' —~^^ 

What 18 said conoeming the sun's bein^ a habitable globe 1 What is the 
diameter of Mercury, and what are his periods of annual and diurnal revolu- 
tion 1 How great is the sun's heat at Mercury 1 At what times is Meicuiy 
to be seen? What is a transit of Mercury ? 
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earth. Her diameter is about 8600 miles, being somewhat 
larger than the earth. 

Her revolution around the sun is performed in 224 days, at 
the distance of 68 millions of miles from him. She turns on 
her axis once in 23 hours, so that her day is a little shorter 
than ours. 

Venus, as seen from the earth, is the most brilliant of all the 
primary planets, and is better known than any nocturnal lumi- 
nary except the moon. When seen through a telescope, she 
exhibits the phases, or horned appearance of the moon, and her 
face is sometimes variegated with dark spots. Venus may 
often be seen in the day time, even when me is in- the vicini- 
ty of the blazing light of the sun. A luminous appearance 
around this planet, seen at certain times, proves that she has 
an atmosphere. Some of her mountains are several times 
more elevated than any on our globe, being from 10 to 22 
miles high. Venus sometimes makes a transit across the 
sun's disc, in the same manner as Mercury, already de- 
scribed. The transits of Venus occur only at distant periods 
from each other. The last transit was in 1769, and the next 
will not happen until 1874. These transits have been ob- 
served by astronomers with the greatest care and accuracy, 
since it is by observations on them that the true distances of 
the earth and planets from the sUR are determined. 

When Venus is in that part of her orbit which gives her 
the appearance of being west of the sun, she rises before him, 
and is then called the morning star ; and when she appears 
east of the sun, she is behind nim in her course, and is then 
called the evening star. These periods do not agree, either 
with the yearly revolution of the earth, or of Venus, for she is 
alternately 290 days the morning star, and 290 days the even- 
ing star. The reason of this is, that the earth and Venus move 
round the sun in the same direction, and hence her relative mo- 
tion, in respect to the earth, is much slower than her absolute 
motion in her orbit. If the earth had no yearly motion, Venus 
would be the morninff star one half of the year, and the even- 
ing star the other half. 

r 

Where is the orbit of Veniw, in respect to that of the earth 7 What is 
the time of Venus' revolution round the sun 1 How often does she turn 
on her axis 1 What is said of the height of the mountains in Venus 1 On 
what account are the tranats of Venus observed with great care ? When is 
Venus the morning, and when the evening star 1 How bng is Venus th0 
morning, and how long tiie evening star 1 
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The Earth. 

The next planet in our system, nearest the sun, is the Earth. 
Her diameter is 7912 miles. This planet revolves around 
him in 365 days, 5 hours, and 4S minutes ; and at the dis- 
tance of 95 millions of miles. It turns round its own aids 
once in 24 hours, making a day and a night. The Earth's revo- 
lution round the sun is called its annual^ or yearly motion, 
because it is performed in a year ; v^rhile the revolution around 
its own axis, is called the diurnal, or daily motion, because it 
takes place every day. The figure of the earth, with the phe- 
nomena connected with her motion, will be explained in ano- 
ther place. 

The Moon. 

The Moon, next to the sun, is, to us, the most brilliant and 
interesting of all the celestial bodies. Being the nearest to 
us of any of the heavenly orbs, and apparently designed for 
our use, she has been observed with great attention, and many 
of the phenomena which she presents, are therefore better 
understood and explained, than those of the other planets. 

While the earth revolves round the sun in a year, it is atr- 
tended by the Moon, which makes a revolution round the 
earth -once in ^7 dayA.7 hours «tnd 43 minutfts. The distance 
of the Moon from the earth is 240,000 miles, and her diameter 
about 2000 miles. 

Her surfece, when seen through a telescope, appears diver- 
sified with hills, mountains, valleys, rocks, and plains, present- 
ing a most interesting and curious aspect : but the explana- 
tion of these phenomena are reserved for another section. 

Mars. % 

The next planet in the solar system, is Mars, his orbit sur- 
rounding that of the earth. The diameter of this planet is up- 
wards of 4000 miles, being about half that of the earth. The 
revolution of Mars around the sun is performed in nearly 687 
days, or in somewhat less than two of our years, and he turns 
on his axis once in 24 hours and 40 minutes. His mean 

How long does it take the earth to revolve round the sun 1 What is meant 
by the earth's annual revolution, and what by her diurnal revolution ? Why 
are the phenomena of the moon better explained than those of the other 
planets '\ In what time is a revolution of the moon about the earth perform- 
ed 1 What is the distance of the moon from the earth 1 What is the diame- 
ter of Mars? How much longer is a year at Mais than our year % 



ASTRONOMY. 215 

distance from the sun is 144 millions of miles, so that he moves 
in his orhit at the rate of about 55,000 miles in an hour. The 
days and nights, at this planet, and the different seasons of 
the year, bear a considerable resemblance to those of the 
earth. The density of Mars is less than that of the earth, 
being only three times that of water. 

Mars reflects a dull red light, by which he may be distin- 
guished from the other planets. His appearance through the 
telescope, is remarkable for the great number and variety of 
spots which his surface presents. 

Mars has an atmosphere of great density and extent, as is 
proved by the dim appearance of the fixed stars, when seen 
through it. When any of the stars are seen nearly in a line 
with this planet, they give a faint, obscure light, and the 
nearer they approach the line of his disc, the fainter is their 
light, until the star is entirely obscured from the sight. 

This planet sometimes appears much larger to us than at 
others, and Uiis is readily accounted for by nis greater or less 
distance. At his nearest approach to the earth, his distance 
is only 50 millions of miles, while his greatest distance is 240 
millions of miles ; making a difference in his distance of 190 
millions of miles, or the diameter of the earth's orbit. 

The sun's heat at this planet is less than half that which 
we enjoy. 

To the inhabitants of Mars, our planet appears alternately 
as the morning and evening star, as Venus does to us. 

Yesta^ Juno, Pallas, and Ceres. 

These planets were unknown until recently, and are there- 
fore sometimes called the new planets. It has been mention- 
ed, that they are also called Asteroids. 

The orbit of Vesta is next in the solar system to that of 
Mars. This planet was discovered by Dr. Olbers, of Bremen, 
in 1807. The light of Vesta is of a pure white, and in a clear 
night she may be seen with the naked eye, appearing about 
the size of a star of the 5th or 6th magnitude. Her revolu- 
tion round the sun is performed in 3 years and 66 days, at 
the distance of 223 millions of miles from him. 

What is hifl rate of motion in bis orbit ? What is his appearance through 
the telescope ? How ts it proved that Mars has an atmosphere of great 
density '^ Why does Mars sometimes appear to us laiger tnan at others 1 
How great is the sun's heat at Mars 1 Wnich are the new planets, or aste- 
loids 1 When was Vesta discovend 1 What is the period of Vesta's annual 
lerolntionl 
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Juno vts diicovered by Mr. Hardins, of Bremen, in 1604 
Her mean distance from the sun is 253 millionB of miles. 
Her orbit is more elliptical than that of say other planet, and 
iiiconsequeace,BheiBsoiiietiine8l37millioiia of milea nearer 
the sun Uian at others. This planet completes its annual re> 
volution in 4 vears and about 4 months, and Tevolves round 
its axis in 27 nours. Its diameter is 1400 miles. 

Pallas was also discovered by Dr. Olbers, in 1802. Its 
distance from the sun is 226 millions of miles, and its periodic 
revolution round him, is performed in 4 years and 7 mouths. 

Ceres was discovered in 1801, by Piazzi, of Palermo. This 

Elanet performs her revolution in the same time as Pallas, 
ein^ 4 years and 7 months. Her distance from the sun 260 
millions of miles. Ac^iording to Dr. Merschel, this planet is 
only about 160 miles in diameter. 
Jupiter. 
Jupiter is 89,000 miles in diameter, and performs hia vaan- 
al revolution once in about 11 years, at the distance of 490 
millions of miles from the sun. This is the larEest nlanet in 
the solar system; being about 1400 times larger than llie earth. 
His diurnal revolution is performed in nine hours and fifty- 
five minutes, giving his surface at the equator, a motion of 
28,000 miles per hour. This motion is about twenty times 
more rapid than that of our earth at the equator. 

Jupiter, next to Venus, is the most brUliant of the planets, 
though the light and heat of the sun on him is nearly 2S 
times less than on the earth. 

This planet is distinguished from all the others, by an ap- 
pearance resembling hands, which extend across nis disc, 
lig. 184. 
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These are termed belts, and are variable, both in respect to 
number and amiearance. Sometimes seven or eight m« 
seen, several of which estend quite across his face, while 
others appear broken, or interrupted. 

TOiese bands, or belts, when the planet is observed through 
a telescope, appear as represented in Rg. 184. This appear- 
ance is much the most conunon, the belts running quite across 
the foce of the piMiet in parallel lines. Sometimes, however, 
his aspect is quite different from this, for in 1780, Dr. Her- 
Hchel saw the whole disc of Jupiter covered with small curved 
lines, each of which appeared broken, or interrupted, the 
whole having a parallel direction across his disc, as in fiff. 185. 
Fig. 185. 



Diflerent opinions have been advanced by astronomers re- 
specting the cause of these appearances. By some, they hare 
been regarded nit clouds, or as openings in the atmosphere of 
the planet, while others imagine that they are the marks of 
great natural changes, or revolutions, which are perpetually 
agitatin? the surface of that planet It is, however, most pro- 
bable, that these appearances are produced by the agency of 
some cause, of which we, on this little earth, must always be 
entirely ignorant. 

Jupiter has four satel]it«s, or moons, two of which are 
n with the naked eye. They move round, and 



What is caid of Psllu ami Ceresl Wlut n the diametei of JuraUcI 
What is hia distance from the 8Un 1 What li the period of JutHler'a diurnal 
revolution? What is the sun's heat and light at Jupiter, when ccHnpared 
with that of the eartb 1 For what is Jupiter poitkidariy diadnguished 1 Is 
the appcaranec of Jupiter's belts alwayi the same, or do the; change 1 Wliat 
is saiJ of the cause of Jupiter's belled appearance 7 How many moons hu 
Jotiiter, and what ue the pcrinda of thdr revoluttow 1 
19 
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attend him in Ym yearly revolution, as the moon does our 
earth. They complete their revolutions at different periods, 
the shortest of which is 'less than len days, and the longest 
seventeen days. 

These satelHtes often fall into the shadow of their primary, 
in consequence of which they are eclipsed, as seen from the 
earth. The eclipses of Jupiter's moons have heen observed 
with great care by astronomers, because they have been the 
means of determining the exact longitude of places, and the 
velocity with which light moves through space. How longi- 
tude is determined by these eclipses, cannot be explained or 
understood at this place, but the method by wnich they 
become the means of ascertaining the velocity of light, may 
be readily comprehended. An eclipse of one of these satel- 
lites, appears, by calculation, to take place sixteen minutes 
sooner, when the earth is in that part of her orbit nearest to 
Jupiter, than it does when the earth is in that part of her or- 
bit at the greatest distance from him. Hence light is found 
to be sixteen minutes in crossing the earth's orbit, and as the 
sun is in the centre of this orbit, or nearly so, it must take 
about 8 minutes for the light to come from him to us^ Light, 
therefore, passes at the velocity of 96 millions of miles, our 
distance from the sun, in about 8 minutes, which is nearly 200 
thousand miles in a second. 

Saturn. 

The planet Saturn revolves round the sun in a period of 
about 30 of our years, and at the distance from him, of 900 
millions of miles. His diameter is 79,000 miles, making his 
bulk nearly nine hundred times greater than that of the earth, 
but notwithstanding this vast size, he revolves on his axis 
once in about len hours. Saturn therefore performs upwards 
of 25,000 diurnal revolutions in one of his years, and hence 
his year consists of more than 25,000 days ; a period of lime 
equal to more than 10,000 of our days. On account of the 
remote distance of Saturn from the sun, he receives only 
about a 90th part of the heat cyid light which we enjoy on the 
earth. But to compensate, in some degree, for this vast dis- 
t ance from th e sun, Saturn has seven moons, which revolve 

What occasions the eclipses of Jupiter's moons 1 Of what use are these 
^lipses to astronomers 7 How is the velocity of light ascertained by the 
eclipses of Jupiter's satellites 1 What is the time of Saturn's periodic revolu- 
tion round the sani What is his distance from the sun 1 What Iris diame- 
ter 1 What is the period of his diurnal revolution? How many days make 
ft year at Saturn 1 
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round him at di^T«nt distances, and at varioua periods, from 
1 to 90 davs. 

Saturn is distinguished from the other planets by his rijiff, 
as Jupiter is by his belt. When this planet is viewed through 
a telescope, he appears BUrrounded by an immense luminous 
circle, which is represented by tig. 186. 

Fig- 186. There are in- 

deed two luminous 
circles, or rings, 
within the 
other, with a dark 
;e between 
n, so that they 
do not appear to 
touch each other. 
Neither does (he 
inner ring touch the body of the planet, there being, by estima^ 
tion, about the distance of 30,000 miles between tliem. The 
external circumference of the outer ring is 640,000 mllea, and 
its breadth from the outer to the inner circumference, 7,tW0 
miles, or nearly the diameter of our earth. The dark space, 
between the two rinffs, or the interval between the inner, and 
outer ring, is 2800 mdes. 

This immense appendage revolves round the sun with the 
planet, — performs claily revolutions with it, and according to 
Dr. Herschel, is a solid substance, equal in density to Uie body 
of the planet itself. 

The design of Saturn's ring, an appendage so vast, and so 
different from any tiling presented by the other planets, has 
always been a matter of speculation and inquiry among astron- 
omers. One of its most obvious uses appears to be that of 
reflecting the light of the sun on the body of the planet, and 
possibly it may reflect the heat also, so as in some degree to 
soften the rieour of so inhospitable a climate. 

As this pranet revolves around the sun, one of its sides is 
illuminated during one half of the year, and the other side 
during the other half; so that, as Saturn's year is equal to 
thirty of our years, one of his sides will be enlightened and 
darkened, alternately, every fifteen years, as the poles of our 
earth are attemalety in the light and dark every year. 
' Hon many moons has Sstum 1 How U Saturn particularly dialintuiflhed 
fioni all the other planets 1 What distance is there between the body of 
SatuTTi ami his iniiEi ring? What distance Is there between his innei and 
outer ringl WbatialbednnniferenMoftbe outer ring 1 
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the sun at Herschel is about 360 timed less than it is at tile 
earth, and yet it has been found by calculation, that this light 
is equal to 248 of our full moons, a striking proof of the m- 
conceivable quantity of light emitted by the sun. 

This planet has six satellites, which revolve round him at 
various distances, and in different times. The periods of 
some of these have been ascertained, while those of the others 
remain unknown. 

Fig. 188. 




Having now given a short account of each planet composing 
the solar system, the relative situation of their several orbits, with 
the exception of those of the Asteroids, are shown by fig. 189. 

In the figure, the orbits are marked by the signs of each 

What is the quantity of light and heat at Herschel, when compared 



with that of the earth 1 



19* 



222 ASTRONOMY. 

planet, of which the first, or that nearest the sun, is Mercury, 
the next Venus, the third the Earth, the fourth Mars ; then 
come those of the Asteroids, then Jupiter, then Saturn, and 
lastly Herschel. 

The comparative dimensions of the planets are delineated 
at fig. 189. 

Fig. 189. 




Motions of ike Planets. 

It is said that when Sir Isaac Newton was near demonstra- 
ting the great truth, that gravity is the cause which keeps 
the heavenly bodies in their orbits, he became so agitated with 
the thoughts of the magnitude and consequences of his disco- 
very* as to be unable to proceed with his demonstrations, and 
desired a friend to finish what the intensity of his feelings 
would not allow him to complete. 

We have seen, in a former part of this work, that all undis- 
turbed motion is straight forward, and that a body projected 
into open space, would continue, perpetually, to move in a 
right line, unless retarded or drawn out of this course by 
some external cause. 

To account for. the motions of the planets in their orbits, 
we will suppose that the earth, at the time of its creation, was 
thrown by me hand of the Creator into open space, the sun 
having been before created and fixed in his present place. 

Under Compound Motion, it has been shown, that when a 
body is acted on by two forces perpendicular to each other, 
its motion will be in a diagonal line between the direction of 
the two forces. 
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Fig. 190. But we will again here sup- 

pose that a ball be moving in 
the line m x, ^s. 190, with a 
ffiven force, and that another 
force half as great should strike 
it in the direction of n, the 
ball would then describe the 
diagonal of a parallelogram, 
whose length would be just equal to twice its breadth, and 
the line of the ball would be straight, because it would obey 
the impulse and direction of these two forces only. 

Fig. 191.^ Now let a, ^g, 191, re- 

present the earth, and iS 
the sun ; and suppose the 
earth to be moving for- 
ward, in the line from a to 
5, and to have arrived at 
a, with a velocity sufficient, 
in a given time, and with- 
out disturbance, to have 
carried it to 5. But at the 
point a, the sun ^S acts upon 
the earth with his attractive 
.power, and with a force 
which would draw it to c, 
in the same space of time that it would otherwise have gone 
to 5. Then the earth, instead of passing to 6, in a straight 
line, would be drawn down to rf, the diagonal of the paralle- 
logram o, h, d, c. The line of direction, in fig. 190, is straight, 
because the body moved obeys only the direction of the two 
forces, but it is curved from a tod, fig. 191, in consequence of 
the continued force of the sun's attraction, which produces a 
constant deviation from a right line. 

When the earth arrives at (f, still retaining its projectile or 
centrifugal force, its line of direction would be towards «, 
but while it would pass along to n without disturbance, the 
attracting force of tlie sun is again sullicient to bring it to e. 




Suppose a body to he acted on by two forces pcrjicndi'cular to each other, 
in wnat direction will it move'? Why does the liall, fig. 190, move in a 
straight line ? Why does the earth, fig. 191, move in a curved line 1 Explain 
fig. 191, and show how the two. forces act to produce a circular line of 
motion. 
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in a straight line, so that, in obedience to the two impulses, it 
again describes the curve to o. 

It must be remembered, in order to account for the circular 
motions of the planets, that the attractive force of the sun is 
not exerted at once, or hy a single impulse, as is the case with 
the cross forces, producmg a straight line, but that this force 
is imparted by degrees, and is constant It therefore acts 
equalhr on the earth, in all parts of the course from a to d, and 
from a to o. From o, the earth having the same impulses as 
before, it moves in the same curved or circular direction, and 
thus its motion is continued perpetually. 

The tendency of the earth to move forward in a straight 
line, is called the centrifugal force, and the attraction of the 
sun, by which it is drawn downwards, or towards a centre, is 
called its centripetal force, and it is by these two forces that 
the planets are made to perform theur constant revolutions 
around the sun. 

In the above explanation, it has been supposed that the 
8un*s attraction, which constitutes the earth's gravity, was at 
all times equal, or that the earth was at an equsJ distance from 
the sun, in all parts of its orbit. But, as heretofore explained, 
the orbits of all the planets are elliptical, the sun being placed 

in the lower focus of the 
eclipse. The sun's attrac- 
tion is, therefore, stronger 
in some parts of their or- 
bits than in others, and for 
this reason their velocities 
are greater at some periods 
of their revolutions than at 
others. 

To make this under- 
stood, suppose, as before, 
that the centrifugal and 
centripetal forces so bal- 
ance each other, that the 
earth moves round the cir- 
cular orbit a e b, fig. 192, 




What is the pmjectile force of the earth called 1 What is the attractive 
force of the sun, which draws the earth towards him, caJledl Explain fig. 
192» and show the reason why the velocity is increased hoai e to d, and why 
it is not retarded firom dtog, , 
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until it cornea to the point e ; and at this point, le t hs suppose, that 
the gravitating force is too strong for the force of projection, so 
that the earth, instead of continuing its former direction towards 
ft, is attracted by the sun s, in the curve e c. When at c, the line 
of the earth's projectile force, instead of tending to carry it farther 
from the sun, as would he the case, were it revolving m a circular 
orbit, now tends to draw it still nearer to him, so that at this 
point, it is impelled by both forces towards the sun. From c, 
therefore, the force of gravity increasing in proportion as the 
•square of the distance between the sun and earth diminishes, 
the velocity of the earth will be uniformly accelerated, until 
it arrives at the point nearest the sun, d. At this part of its 
orbit, the earth will have gained, by its increased velocity, so 
much centrifugal force, as to give it a tendency to overcome 
the sun's attraction, and to fly oflf in the line d o. But the 
sun's attraction being also increased by the near approach of 
the earth, the earth is retained in its orbit, notwithstemding 
its increased centrifuga} forte, and it therefore passes through 
the opposite part of its orbit, from d to g, at the same distance 
from him that it approached. As the earth passes from the 
sun, the force of gravity tends continually to retard its motion, 
as it did to increase it while approaching him. But the velocity 
it had acquired in approaching the sun, gives it the same rate 
of motion from d to ^, that it had from c to d. From g, the 
earth's motion is uniformly retarded, until it. again arrives ate, 
the point from which it commenced, and from \vhence it de- 
scribes the same orbit, by virtue of the same forces, as before. 

The earth, therefore, in- its journey round the sun, moves at 
very unequal velocities, sometimes being retarded, and then 
again accelerated by the sun's Jittraction. 

It is an interesting circumstance, respecting the motions of 
tlie planets, that if the contents of their orbits be divided into 
unequal triangles, the acute angles of which centre at the sun, 
with the line of the orbit for their bases, . the centre of the 
planet will pass through each of these bases in equal times. 

This will be understood by fig. 193, the elliptical circle be- 
ing supposed to be the earth's orbit, with the sun s, in one of 
the foci. 

Now the spaces 1, 2, 3, &.c. though of different shapes, are 
of the same dimensions, or contain the same quantity of sur- 



What is meant by a planet's passing through equal spaces in equal times 1 
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Fig. 198» face. The ear|h, we have 

already seen, in its journey 
round the sun, describes an 
ellipse, and moves more ra- 
pidly in one part of its orbit 
than in another/ But what- 
ever may be its actual velo- 
city, its comparative motion 
is through equal areas in^ 
equal times. Thus its cen- 
tre passes from E to C, and 
from C to A, in the same pe- 
riod of time, and so of all 
the other divisions marked 
in the figure. If the figure, 
therefore, be considei^ea th 
plane of the earth's orbi 
divided in 12 equal areai^ 
imswering to the 12 months of the year, the earth will jpass 
through the same areas in every month, but the spaces through 
which it passes will be increased, during every month, for one 
half the year, and diminished, during every month, for the 
#ther half. > 

The reason why the planets, when they approach near the 
nun, do not fall to him, in consequence of his increased attrac- 
tion, and why they do not fly off into open space, when they 
recede to the greatest distance from him, may be thus ex- 
plained. 

Taking the earth as an example, we have shown, that when 
in the part of her orbit nearest the sun, her velocity is greatly 
increased by his attraction, and that consequently the earth's 
centrifugal force is increased in proportion. As an illustra- 
tion of this, we know that a thread which will sustain an 
ounce ball when whirled round in the air, at the rate of 50 
revolutions in a minute, would be broken, were these revolu- 
tions increased to the number of 60 or 70 in a ininute, and 
that the ball would tiien fly off in a straight fine. This shows 
that when the motion ofa revolving body is increased, its cen- 

• How is it shown, that if the mcftioii of a revolving body is increased, its 
projectile force is also increased 1 Br what force is the earth's velocity in< 
creased, as it approaches the sun 1 When Uie earth is nearest the sun, why 
does it not fall to him 1 When the earth's centrifugal force is greatest, what 
(drevents its flying to the sun 1^ 
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trifugal force i« ako inereaoed. Now, the veloGity of the 
earth increases m an inverse proportion, as its distance from 
the sun diminishes, and in proportion to the increase of veloci- 
ty is its centrifugal force increased ; so that, in any other part 
of its orbit, except when nearest the sun, this increase of 
velocity would carry the earth away from its centre of attrac- 
tion. But this increase of the earth's velocity is caused by 
its near approach to the sun, and consequently the sun's at- 
traction is increased, as well as the earth's velocity. In other 
terms, when the centrifugal force is increased, the centripetal 
force is increased in proportion, and thus while the centrifu- 
gal force prevents the earth from falling to the sun, the cen- 
tripetal force prevents it from moving off in a straight line. 
When the earth is in that part of its orbit most distant from 
the sun, its projectile velocity being retarded by the counter 
force of the sun's attraction, becomes greatly diminished, and 
then the centripetal force becomes stronger than the centrifu- 
gal, and the earth is again brought back by the sun's attrac- 
tion,, as before, and in this manner its motion goes on without 
ceasing. It is supposed, as the planets move through spaces 
void of resistance, that their centrifugal forces remain the 
ss^me as when they first ejpianated from the hand of the Crea- 
tor, and that this force, mthout the influence of the sun's at- 
traction, would carry them forward into infinite space. 

The Earth. 

It is almost universally believed, at the present day, that 
• the apparent daily motion of the heavenly bodies from east to 
west, is caused by the real motion of the earth from west to 
east, and yet there are comparatively few who have examined 
the evidence on which this belief is founded. For this rea- 
son, we will here state the most obvious, and to a common 
observer, the most convincing proofs of the earth's revolution. 
These are, first, the inconceivable velocity of the heavenly 
bodies, and particularly the fixed stars around the earth, if she 
stands still. Second, the fact, that all astronomers of the 
present age agree that every phenomenon which the heavens 
present, can be best accounted for, bv supposing the earth to 
revolve. Third, the analogy to be drawn from many of the 
other planets, which are known to revolve on their axes ; and 
fourth, the different lengths of days and nigh ts at the different 
— . I - .i l l, ,_m 

What are the most obvious and conTiacing proofe that the earth revolvei 
on iU axu 1 
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planets, for did the sun jrevolve about the solar system, the i 
days and nights at many of the planets must be of similar \ 
lengths. 

The distance of the sun from the earth being 95 millions 
of miles, the diameter of the earth's orbit is twice its distance 
from the sun, and, therefore, 190 millions of miles. Now, the , 
diameter of the earth's orbit, when seen from the nearest fixed j 
star, is a mere point, and were the orbit a solid mass of 
opaque matter, it could not be seen, with such eyes as ours, 
from such a distance. This is known by the fact, that these 
stars appear no larger to us, even when our sight is assisted 
by the best telescopes, when the earth is in that part of her 
orbit nearest them, than when at the greatest distance, or in 
the opposite part of her orbit. The approach, therefore, of 
190 millions of miles towards the fixed stars, is so small a 
part of their whole distance from us, that it makes no per- 
ceptible difference in their appearance. Now, if the earth 
does not turn on her axis once in 24 hours, these fixed stars 
must revolve around the earth at this amazing distance once 
in 34 hours. If the sun passes around the earth in 34 hours, 
he must travel at tlie rate of nearly 400,000 miles in a minute ; 
but the fixed stars are at least 400,000 times as far beyond 
the sun, as the sun is from us, and,* therefore, if they revolve 
around the earth, must go at the rate of 400,000 times 400,- 
000 miles, that is, at the rate of 160,000,000,000, or 160 bU- 
lions of miles in a minute ; a velocity of which we can have 
no more conception than of infinity or eternity. 

In respect to the analogy to be drawn from trie known revo- ' 
lutions of the other planets, and the dififerent lengths of days 
and nights among them, it is suffi^sient to state, that to the in- 
habitants of Jupiter, the heavens appear to make a revolution 
in about 10 hours, while to tfiose of Venus, they appear to 
revolve once in 23 hours, and to the inhabitants of the other 
planets a similar diflfcrence seems to take place, depend- 
mg on the periods of their diurnal revolutions. Now, 
there is no more reason to suppose that the heavens revolve 



Were the earth's orbit a solid mass, could it be seen by us, at the Stance 
of the fixed stars 1 Suppose the earth stood still, how fast must the sun 
move to go round it in 24 hours 1 At what rate must the fixed stars move 
to go round the earth in 24 hours 1 If the heavens appear to revolve eveiy 
10 hours at Jupiter, and every 24 hours at the earth, how can this difference 
be accoui^ted for, if they revolve at all 1 Is there any more reason to believe 
that the sun revolvcg round the earth, than round any of the other plan<^? 
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round us, than there is to suppose that they revolve around 
any of the other planets, since the same apparent revolution 
is common to them all, and as we know that the other planets, 
at least many pf them, turn on their axes, and as all tne phe- 
nomena presented hy the earth, can he accounted for hy such 
a revolution, it is folly to conclude otherwise. 

Circles and Divisions of the Earth, 

It wfll be necessary for the pupil to retain in his memory 
the names and directions of the following lines, or circles, by 
which the earth is divided into parts. These lines, it must 
be understood, are entirely imaginary, there being no such 
divisions marked by nature on the earth's surface. They are, 
however, so necessary, that no accurate description of the 
earth, or of its position with respect to the heavenly bodies, 
can be conveyed without them. 

Fig. 194. The earth, whose 

■^ — diameter is 7912 miles, 

is represented by the 
globe, or sphere, fig. 
194. The straight line 
passing thro' its centre, 
and m)Out which it 
turns, is called its axis^ 
jl and the two extremities 
of the axis are the poles 
of the earth, A beine 
^ the north pole, and B 
the south pole. The 
line C D, crossing the* 
axis, passes quite round 
the earth, and divides 
it into two equal parts. 
This is called the equinoctial line, or the equator. That part 
of the earth, situated north of this line, is called the northern 
hemisphere, and that part south of it, the southern hemisphere. 
The small circles E F, and 6 H, surrounding or including 
the poles, are called the polar circles. That surrounding the 
nortn pole is called the arctic circle, and that surroimding the 

How can a]l the phenomena of the heavenB be aocounted for, if th^ do 
not revolve 1 What is the axis of the earth 1* What are the poles of the 
earth 1 What is the equator? Where are the northern and sonuiiem hemis- 
phcrel What are the polar drdes 7 

20 
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soQthi the antartic circle. Between Ihese circles, there ig, 
on each aide of the equator another circle, which marks the 
extent of the tropics towards the aorth and south, from the 
equator. That to the north of Ae equator, I K, is called the 
tropic of Cktncer, and that to the south, L M, the tropic of 
Capricorn, The circle L K, extending ohHquely across the 
two tropics, and crossing the axis of the earth, and the equa- 
tor at tneir point of intersection, is called the ecliptic* This 
circle, as already explained, belongs rather to tne heavens 
than the eart^, being an imaginary extension of the plane of 
.the earth's orbit in every direction towards the stars. The 
line in the fi^re, shows the comparative position or direction 
of the ecliptic in respect to the equator, and the axis of the 
earth. 

The lines crossing those already described, and meeting at 
the poles of the earth, are called meridian lities^ or nudniay 
lines, for when the sun is on the meridian of a place, it is 
the middle of the day at that place, and as these lines extend 
from north to south, the sun shines on the whole length of 
each, at the same time, so that it is 12 o'clock, at the same 
time, on every place situated on the same meridian. 

The spaces on the earth, between the lines extending ^om 
east to west, are called zones. That whkh lies between the 
trofHCS, from M to K, and from I to L, is called the torrid, zone^ 
because it comprehends the hottest portion of the earth. The 
spaces which extend from the tropics, north and south, to the 
polar circles, are called temperate zones, because the climates 
are temperate, and neither scorched with the heat, like the 
tropics, nor chilled with the cold, like the frigid zones. That 
lying north of the tropic of Cancer, is caUed the north tempe- 
rate zone, and that south of the tropic of Capricorn, the south 
temperate zone. The spaces included within the polar circles, 
are called the frigid zones. The lines which divide Uie globe 
into two equal parts, are called the great circles; these are the 
ecliptic and the equator. Those dividing tfie earth into smaU- 
er parts are called the lesser circles ; these are the lines divi- 
ding the tropics from the temperate zones, and the temperate 
zones from me frigid zones, ^c. 

" Which is the uctic, and which the antarctic ciiclel Where is the tropic 
of CjUioer, and where the tropic of Capricorn 1 What is the ediptic? 
What are the meridian lines 1 On what pajt of the earth is the torrid zone^ 
jHow afe the north and south temperate zones hounded 1 Where are the frigid 
xonesl Wluch are the great, ana which the lesser Clicks of the eaithi 
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TTie ecliptie, we have already seen, is divided into 300 
equal parts, called degrees. All circles, however large or 
small, are divided into degrees, minutes, and seconds, in the 
same manner as the ecliptic. 

The horizon is distinguished into the sensible and rational. 
The sensible horizon is that portion of the surface of the 
earth which boimds our vision, or the circle around us, where 
the sky seems to meet the earth. When the sun rises, he 
appears above the sensible horizon, and when he sets, he sinks 
below it The rational horizon is an imaginary line passing 
through the centre of the earth, and dividing it into two equid 
parts. 

The axis of the ecliptic is an imaginary line passitig through 
its centre and perpendicular to its plane. The sKtremities of 
this perpendicular line, are called tne poles of the ecliptic. 

If the ecliptic, or great plane of the earth's orbit, be con- 
sidered on the horizon,-or parallel with it, and Ihe line of the 
earth's axis be inclined to the axis of this plane, or the axis of 
the ecliptic at an angle of 23^ degrees, it will represent the 
relative positions of the orbit, and the axis of the earth. 
These positions are, however, merely relative, for if the posi- 
tion of the earth's axis be represented perpendicular to ihe 
equator, as A B, fig. 194, then the ecliptic will cross this plane 
obliquely, as in that figure. But when the earth's orbit is 
considered as having no inclination, its axis, of course^ will 
have ah inclination, to the axis of the ecliptic, of 231 degrees. 

As the orbits of all the other planets are inclined to the 
ecliptic, perhaps it is the most natural and convenient method 
to consider this as a horizontal plane, with the equator inclin- 
ed to it, instead of considering the equator on the plane of 
the horizon, as is sometimes done. 

The inclination of the earth's axis to the axis of its orbit 
never varies, but always makes an angle with it of 23i de- 
grees, as it moves round the sun. The axis of the earth is 
therefore always parallel with itself. That is, if a line be 
drawn through the centre of the earth, in the direction of its 
axis, and exte nded north and south, beyond the earth's diame- 

How are circles divided 1 How is the sensible horizon distinguished from 
the rational 1 What is the axis of the ecliptic 1 What are the poles of the 
ecliptic 1 How many degrees is the axis of the earth inclined to that of the 
ecliptic 1 What is said concerning the relative positions of the earth's axis 
and the plane of the ecliptic 1 Are the orWts of the other planets -parallel to 
the earth's orbit, or inclined to it ? What is meant by the earth's ax]3 being 
parallel to itself ? 
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ter, the line so produced will always be parallel to the same 
line, or any number of lines, so drawn, when the earth is in 
different parts of its orbit 

Suppose a rod to be fixed into the flat surface of a table, and 
so inclined as to make an angle with a perpendicular from the 
table of 23| degrees. Let this rod represent the axis of the 
earth, and the surface of the table, the ecliptic. Now place on 
the table a lamp, and round the lamp hold a wire circle three or 
four feet in diameter, so that it shall be parallel with the plane 
of the table, and as high above it as the flame of the lamp. 
Having prepared a small terrestrial globe, by passing a wire 
through it for an axis, and letting it project a few inches eadi 
way, for the poles, take hold of the north pole, ^nd carry it 
round the circle, with thepoles constantljr paraUel to the rod 
rising above the table. The* rod being mclined 23| degrees 
from a perpendicular, the poles and axis will be inclined in 
the same degree, and thus the axis of the earth will be inclined 
to that of the ecliptic every where in the same degree, and 
tines drawn in the direction of the earth's axis will be parallel 
to each .other in any part of its orbit. 

Fig. 195. 




This will be understood by ^. 195, where it will be seen, 

How does it appear by fig. 195, thai the axis of the earth is parallel to 
Itself, in all parts of its orlnt 1 How are the annual and diurnal reTolutioas 
of the earth illustrated by fig. 195 1 
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that die poles of the earth, in the several positions of A, B, G, 
and D, being equally inclined, are parallel to each other. 
Supposing the Isunp to represent the sun, and the wire circle 
the earth's orbit, the actual position of the earth, during its 
annual revolution around the sun, will be comprehended : and 
if the fflobe be turned on its axis, while passing round the 
lamp, the diurnad or daily revolution of the earth will also be 
represented. 

Day and Night 

Were the direction of the earth's axis perpendicular to the 
plane of its orbit, the days ai^d nights would be of equal length 
all the year, for then just one half of the earth, from pole to 
pole, would be enlightened, and at the same time the other 
half would be in daniness. 

' Fig. 196. 





Suppose the line s o, fig. 196, from the sun to the earth, to 
be the plane of the earth's orbit, and that n Sj is the axis of 
the earth perpendicular to it, then it is obvious, that exactly 
the same points on the earth would constantly pass through 
the alternate vicissitudes of day and night ; for all who live on 
the meridian line between n and s, which line crosses the , 
equator at o, would see the sun at the same time, and conse- 
quently, as the earth revolves, would pass ipto the dark hemi- 
sphere at the same time. Hence in all parts of the globe, the 
days and nights would be of equal length, at any given place. 

Now it is the inclination of the earth's axis, as above de- 
seribed, which causes the lengths of the days and nights to 
differ at the same place at diflerent seasons of the year, for on 
reviemng the position of the globe at A, fig* 195, it will be • 
observed, that the Une formed by the enlightened and dark 

Explain, by %. 196, why the days and nights would every where be equal, 
"were the axis of the earth perpendicular to tne plane of hk orbit. What is 
the cause of the unequaTlengths of the days and nights in different parts of 
the world 1 

^ 30* 
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hemispheres, does not coincide with the line of the axis and 
poles, as in fig. 196, but that the line formed by the darkness 
and the hght, extends obUquely across the line of the earth^s 
axis, so tluit the north pole is in the hght, while the south is in 
the dark. In the position A, there&re, an observer at the 
north pole would see the sun constantly, while another at the 
south pole, would not see it at all. Hence those living in the 
north temperate zone, at the season of the year when the 
earth is at A, or in the summer, w<!mld have long days and 
short nights, in proportion as they approached th^ polar circle; 
while those who live in the soutn temperate zone, at the same 
time, and when it would be winter, there, would have long 
nights and short days in the same proportion. 

Seasons of the year* 
The vicissitildes of the seasons are caused by the annual 
revolution of the earth around the sun, together with the in- 
clination of its axis to the plane of its orbit 

It has already been explained, that the ecliptic is the plane 
of the earth's orbit, and is supposed to be placed on a level 
with the earth's horizon, and hence, that this plane is con- 
sidered the standard, bv which the inclination of the lines 
crossing the earth, and the obliquity of the orbits of the other 
planets, are to be estimated. 

The equinoctial line, or the great circle passing round the 
middle of the earth, is inclined to the ecliptic, as well as thie 
line of the earth's _axis, and hence in passing round the sun, 

the equinoctial line 
intersects, or cros- 
ses the ecliptic, in. 
two places, opposite 
to* each other. 

Suppose ab, ^g, 
197, to be the eclip- 
tic, e /, the equator, 
and c d, the earth's 
axis. 'The ecliptic 
and equator are 
supposed to be seen 
edgewise, so as to 
appear like lines 



W 




What are the causes which produce the seasons of the year 1 In what 
position is tiie equator, with respect to the ecliptic 1 
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instead of circles. Now it will be understood by the figure that 
the inclination of the equator to the ecliptic, (or the sun's ap- 
parent annual path through the heavens,) will cause these 
lines, namely, the line of the equator and the line of the eclip- 
tic, fo cut, or cross each other, as the sun makes his appa- 
rent annual revolution, and that this intercession will happen 
twice in the year, when the earth is in the two opposite 
points of her orbit. 

Th^se periods are on the 21st of March, and the 21st of 
September, in each year, and the points at which the sun is 
seen at these times, are called the equinoctial points. That 
which happens in September is called the auturwriaX equinox, 
and that wtiich happens in March, the vernal equinox. At 
these seasons, the sun rises at 6 o'clock and sets at 6 o'clock, 
and the days and nights are equal in length in every part of 
the fflobe. . 

The solstices- are the points where the ecliptic and the 
equator are at the greatest distance from each other. The 
earth, in its yearly revolution^ passes through each of these 
points. One is called the summer^ and the other the winter - 
solstice. The sun is said to enter the summer solstice on the 
21st of June ; and at this time, in our hemisphere, the days 
are longest, and the nights shortest. On the 21st of Decem- 
ber he enters his winter solstice, when the length of the days 
and nights are reversed from what they were in June before, 
the days being shortest and the nights longest. , 

Having learned these explanations, the student will be able 
to understand in what order the seasons succeed each other, 
and the reason why such changes are the effect of the earth's - 
revolution. 

Suppose the earih, ^^. 198, to be in her summer solstice, 
which takes place on the 21st of June. At this period she 
will be at a, having her north pole, n, so inclined towards the 
sun, that the whole arctic circle will be ilhiminated, and con- 
sequently the sun's rays will extend 23a degrees, the breadth 
of the polar circles, beyond the north, pole* The diurnal revo- 

At what times in the year do the Ijne of the ecliptic and that of the equi- 
nox intersect each olJier^ What are these points of intersection called 1 
Wh^ch is the autumnal and which the vernal equinox 1 At what time does 
the sun rise and set, when he is in the equinoxes 1 What are the sobtices 1 
When the sun enters the summer solstice, what is said of the length of the . 
days and nights'? When does the sun enter the winter solstice, and what is 
the proportion hetween the length of the day and nights | 
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lution, therefore, when the earth is at a, causesf no succession 
of day and night at the pole, since the whole frigid zone is 
within reach of his rays. The people who live within the 
arctic circle, will consequently, at tms time, enjoy perpetual 
day. During this period, just the s^ime proportion of the 
earth that is enlightened in the northern hemisphere, will be 
in total darkness in the opposite rejrion of the southern hernia 
sphere ; so that while the people of the north are blessed with 
perpetual day, those of the south are groping in perpetual 
night. Those who live near tiie arctic circle in the north 
tenii)erate zone, will, during the winter, come, for a few hours, 
within the region of night, oy the earth's diurnal revolution; 
and the greater the distance from the circle, the longer will 
be their nights, and the shorter their days. Hence, at this 
season, the days will be longer than the nights every where 
between the equator and the arctic circle. At the equator, 
the days and nights will bc» equal^ and between the equator 
and the south polar circle, the nights will be longer than the 
days, in the same proportion as the days are longer than the 
nights, from the equator to the arctic circle. 

At what season of the year is the whole arctic circle illuminated 1 At 
what season is the whole antarctic circle in the dark 1 While the peofde 
near the north pole enjoy perpetaal day, what is the situation of those near 
the south polel At wKat season will the da3r8 he longer than the nights 
eyery where between the equator and the arctic drde % At what aeaaon will 
the nights be longer than the days in the southern hemisphere 7 
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As the earth moves round the sun, the line which divides 
the darkness, and the light, graduallv approaches the poles, 
till having performed one quarter of ner yearly journey from 
the point a, she comes to 5, about the 2l8t of September. At 
this time, the boundary of light and darkness passes through 
the poles, dividing the earth equally from north to south; 
and thus in every part of the world the days and nights are of 
equal length, the sun being 12 hours alternately above arid 
below the horizon. In this position of the earth, the sun is 
said to be in the autumnal equinox. 

In the progress of the earm ifrom h to c, the light of the sun 
CTadually reaches a little more of the antartic circle. The 
Says, therefore, in the northern hemisphere, grow shorter at 
every diurnal revolution, until the 21st of December, when 
the whole arctic circle is involved in total darkness. And 
now, the same places which enjoyed constant day in the June 
before, are involved in perpetual night. At this time, the 
sun, to those who live in the northern hemisphere, is said to 
be in his winter solstice ; and then the winter nights are just 
as long as were the suipmer days, and the winter days as long 
as the summer nights. 

When the earth has gone another quarter of her annual 
journey, and has come to the point of her orbit opposite to 
where she was on the 21st of September, which happens on 
the 21st of March, the line dividing the light from the dark- 
ness again passes through both poles. In this position of the 
earth with respect to the sun, the days and nights are again 
equal all over the world, and the sun is said to be in his vernal 
equinox. 

From the vernal equinox, as the earth advances, the north- 
em hemisphere enjoys more and more light, while the southern 
falls into the region of darkness, in proportion, so that the 
days north of the equator increase in length, until the 21st of 
June, at which time, the sun is again longest above the hori- 
zon, and the shortest time below it. 

Thus the apparent motion of the sun, from east to west, is 
caused bv the real motion of the earth from west to east. If 

■ ■ ■ ■ ■ ■ ■ ■ ■ ■ III ■■ I ■ II I ^ ,1 III I I ■ I I 

When will the days and nights be equal in aU parts of the earth 1 At 
what season of the year b the whole arctic circle involved in darkness 1 
When are the days and nis^hts equal all over the world 1 When is the sun 
in the vernal equinox ? What is the cause of the apparent motion of the 
sun from east to west '\ What is the apparent path of the sun, but the real 
path of the earth 1 
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the eiirth ib in any poiiCit of its orbit, the sun will always seem 
in the opposite point in the hearens. When the earth niOTes 
one degree to the west, the sun seems to move the same dis- 
tance to the east; and wlien the earth has completed one re- 
volution in its orbit, the sun appears to have completed a re- 
volution through the heavens. Hence, it follows, that the 
ecliptic, or the apparent path of the sun through the heavens, 
is the real path of the earth round the sun. 
■ It will be observed by a careM perusal of the above expla- 
nation of the seasons, and a close inspection of the figure by 
which it is illustrated, that the sun constantly shines on a 
portion of the earth equal to 90 degrees north, and 90 degrees 
south from his place in the heavens, and consequently^ that 
he always enligntens 180 degrees, or one half of the earth. 
If^ therefore, the axis of the earth were perpendicular to the 
plane of its orbit, the days and nights would every where be 
equal, for as the earth performs its diurnal revolutions, there 
would be 12 hours day, and 12 hours night. But since the 
inclination of its axis is 23i degrees, the light of the sun is 
thrown 23i degrees beyond the north pole ; that is, it enlight- 
ens the earth 23* degrees further in that direction, when die 
north pole is turned towards the sun, than it would, had ^e 
earth's axis no inclinatioii. Now, as the sun's light readies 
only 90 degrees north or south of his place in the tieavens, so 
when the arctic circle is enlightened, the ^ntartic circle 
must be in the dark; for if the light reaches 23i degrees be- 
yond the north pole, it must fall 23i degrees short of the south 
pole. 

As the earth travels round the sun, in his yearly circuit, 
this inclination of the poles is alternately towards, and from 
him. During our winter, the north polar region is thrown 
beyond the rays of the. sun, while a corresponding portion 
around the south pole enjoys the sun's light. And thus at 
the poles there are alternately six months of darkness and win- 
ter, and six months of sjmshine and summer, While we, in 
the northern Jiemisphere, are chilled by the cold blasts of 
Manter, the inhabitants of the southern hemisphere are enjoy- 
ing all the delights of summer ; and w hile we are scorched 

Hud the earth's axis no inclination, why Vrould the days and nights 
always be equaTI IJow many d^iees does the sun's light reach, north and 
south of him, on the earth 1 Duruig our winter, is the north pole turned to, 
or from the son '} At the poles, how many days and nights are there in the 
year 1 When it is winter m the northern hemtspheie, what is the season in 
the southern hemisphere 1 



by the rays of a yertical sun in June and July, our southervi 
neighbors are shivering with the rigors of midf-winter. 

At the equator^ no such changes take place. ' The rays of, 
the sun, as the earth passes around him, are vertical twice a 
year at every place between the tropics. Hence, at the equa- 
tor, there are two summers and no winter, and as the sun 
there constantly shines on the same half of the earth in suc- 
cession, the days and nights are always equsd, there b^inf^ 12 • 
hours of light, and 12' ofdarkness. 

Motion of the Earth, — The motion of the earth round the 
sun, is at the rate of 68,000 miles in an hour, 'while its motion 
on its own axis, at the equator, is at the rat^ of about 10^ 
miles in the hour. The equator, being that part of the earth 
most distant from its axis, the motion there is more rapid 
than towards the poles, in proportion to its greater distance 
from the axis of motion. See fig. 16. 

The method of ascertiiining the velocity of the earth's mo- 
tion, both in its orbit and round its axis, is simple, and easily 
understood ; for by knowing the diameter of the earth's or- 
bit, its circumference is readily found, and as we know how 
long it takes the earth to perform her yearly circuit, we have 
only to calculate what part of her journey she goes through in 
an hour. By the same principle, the hourly rotation of the 
earth is as readily ascertained. 

We are insensible to these motiotis^ because not only the 
earth but the atmosphere, and all terrestrial things, partake of 
the same motion, and there is no change in the 'relation of 
objects in consequence of it. If we look out at the window 
of a steam-boat, when it is in motion, the boat will seem to 
stand still, while the treed and rocks on the shore appear to 
pass rapidly by us. This deception arises from our not hav- 
ing any object with which to compare this ihotion, when shut 
up in the boat ; for then every object around us keeps the 
same relative position. And so, in respect to the motion of the 
earth, having nothing with which to compare its movement^ ex- 
cept the heavenly bodies, when the earth moves in one direc- 
tion, these objects appear tamove in the contrary direction* 

Causes of the Heat and Cold of the Seasons. 

We have seen that the earth revolves round the sun in an 

At what rate does the earth move around the sun 1 How &8t does it 
move around its aods at the equatorl How is the velocity of the earth a*> 
oeitained 1 , Why are we insensible of the eaith's motion 1 
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elUptical orbit, of which the sun is olid of ^e foei, and conse* 
quently, that the earth is nearest him^ in one part of her orbit 
uuui in another. From the great difference we experience 
between the heat of summer and that of winter, we should be 
led to suppose that the earth miist. be much nearer the sun in 
the hot season, than in the cold. Bui when we come to in- 
quire into this subject, and to ascertain the distance of the 
sun at different seasons of the year, we find that the great 
source of heat and light is nearest us during the cold of win- 
ter, and at the greatest distance during the heat of summer. 

It has been explained, under die article Optics, , that the 
angle of vision depenchi on the dis^nce at which a body of 

S'ven dimensions is seen. Now, on measuring the angular 
mension of the sun, with accurate instruments, at dif^rent 
seasons of ^ the year, it has been found that iiis dimensions 
increase and diminish, and that these variations .correspond 
exactly with the suppqsiUon, that the earth moves in an ellip- 
tical orbit If, for mstance^ hb apparent diameter be taken 
in March, and then again in July, it will be found to have 
diminished, which dimmutioii is only to be accounted for, by 
supposing that he is at a^ greater distance frpm the observer in 
July than in March* From July, his angular diameter gra- 
dually increases, till January, when it. again diminishes, and 
continues to diminish, untQ July. By many observations, it 
is found, that the grf^atest apparent dian^eter of the sun, and 
therefore his least distance from us, is in January, and his 
least diameter, and therefore his ^eatest distance, is in July. 
The actual difference is about mree . milli9ns of miles, the 
sun being that distance further from the earth in July than in 
January. This, ■ however, is only about one sixtieth of his 
mean distance from us, and, the .m^rence we should experi- 
ence in his heat, in consequence of this difference of dist^ce, 
will therefore be very small. Perfiaps the eflect of his proxi- 
mity to the earth may diminish, in some small degree, the 
severity of winter. > 

The heat of summer, and the cold of winter, must therefore 

■■■^fc*- I ■ . i ■■* ■ ■■ ■ .1 

At what season of the year is the sun at the greatest, and at what (aeason 
the least distance, from thje earth 'J How is it ascertained that the earth 
moves in an eltiptical orbit, by the appearance of the sun 7 . When does the 
sun appear under the greatest apparent diameter, and when under the least 1 
How much farther is uie sun fW>m us in July, than in January 1 What ef- 
fect docs this difference prod^ce on the earth ? ,How is the heat of summer, 
and the cold of winter, accounted for ? 
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ftriH from the difierenee in the merulian altitadf of the aiin, 
■nd in the time of his continuance aboTe the horizon. In 
anmmer, the aolar niya £dl on the earth, in nearly a perpen- 
dicul&r direction, and hia powerful heat is then constantly a(y 
cumulated by the long Jays and short nights of the season. 
In winter, on the contrary, the solar rays fall so nbUquely on 
the earth, as to produce little warmth, and the small eflect they 
do produce during the short days of that season, is almost en- 
tirely destroyed bv the long nights which succeed. The dif- 
ference between the efiecta of perpendicular and oblique rays, 
aeems to depend, in a great measure, on the different extent 
of sur&ce over which Uiey are spread. When the rays of 
the sun are made to pass through a convex lens, the heat is 
increased, because the number of rays which naturally cov- 
ered a large surface, are then made to cover a smaller one, 
so that the power of the glass depends on the number of rara 
thus brought to a focus. If^ on tne contrarv, the rays of the 
aun are suffered to pass through a concave lens, their natural 



heatinr power is duninished, because they are dispersed, or 

spreaa over a wider surface than before. 

Now, to apply these different eflects to the summer and 

winter rays of the sun, let us suppose that the rays falling 

perpendicularly on a given extent of suibce, impart to it a 
certtun degree of heat, 
then it is obvious, that 
if the same number of 
rays be spread over 
twice that extent of sur- 
face, their heating pow- 
er would be (limmished 
in proportion, and that 
only half the heat would 
be imparted. This ia 
the eSect produced hj 
the sun's rays in tha 
. winter. They fall so 
obliquely on the earth, 
as to occupy nearly 
double the space tbit 

Vm same number of rays do in the etnnmer. 

Why do the perpenficnlor rays of Runmer ptodoce gmlct effaets than 
flwoWquenyiofwinterl How m thi« Oliwtnted b^ tlu oonvez nod codmw 
hnasl Bowiitheaetaaldidbi«nceortheiQiiaiiw»iilTriiiteinL;*)hoA1 
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This is illustrated by figr. 199, where the number of rayst 
both in winter and summer, are supposed to be the same. 
But it will be observed, that the winter rays, owing to their 
oblique direction, are spread oyer nearly twice as much sur- 
face as those of summer. 

It may, however, be remarked, that the hottest season is 
not usually at the exact time of the year, wheQ the sun is most 
vertical, and the days the longest, as is the case towards the 
end of June, but some time afterwards, as in July and August. 

To account for this, it must be remembered, that when the 
sun is nearly vertical, the earth accumulates more heat by da^ 
than it rives out at night, and that this accumulation conti- 
nues to mcrease after the days begin to' shorten, and conse-^ 
quehtly, the greatest elevation of temperature is some time 
after tne longest days. For the same reason, the thermome- 
ter generally indicates the greatest degree of heat at two or 
three o'clock on each day, and not at 12 o'clock, when the 
sun's rays are most powerful. 

Figure of the Earth, 

Astronomers have proved that all the planets, together with 
iheir satellites, have the shape of the sphere or globe, and 
hence, by analogy, there was every reason to suppose, that 
the earth would be found of the same shape ; and several 
phenomena tend to prove, beyond all doubt, that this is its 
form. The figure of the earth is not, however, exactly that 
of a globe, or hall, because its diameter is about 34 miles less 
from pole to pole, than it is at the eauator. But that its gen- 
eral figure is that of a sphere, or ball, is proved by many cir- 
cumstances. 

liVhen one is at sea, or standing on the sea shore, the first 
part of a ship seen at a distance, is its mast. As the vessel 
advances, the mast rises higher and higher above the horizon^ 
and finally ihe hull, and wole ship, become visible, Now, 
were the earth's surface an exact plane, no such appearance 
would take place, for we should then see the hull long before 
the mast or rigging, because it is much the largest object 



Why if not the hottest season of the year at the period when the Sm 
m longest, and the sun most vertical 1 What is the general figure of the 
earth 1 How much leas is the diameter of the earth at Uie poles than at the 

2iiator 1 How is the convexity of the earth proved, by the approach of a 
ip at seal 
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Fig. 900. 




a 

It will be plain by fig. 200, that were the ship, a, eleva- 
ted, so that the hull should be on a horizontal line with the 
eye, the whole ship would be visible instead of the topmast, 
mere being no reason, except the convexity of the earth, why 
the whole ship should not be visible at a, as well as at b. 

We know, for the same reason, that in passing over a hill, 
the tops of the trees are seen, before we can discover the 
gronna on which they stand ; and that when a man approach- 
es from the opposite side of a hill, his head is seen before his 
feet. 

It is a well known fact also, that navigators have set out 
from a particular port, and by sailing continually westward, 
have passed around the earth, and again reached the port 
from which they sailed. This could never happen, were the 
earth an extended plain, since then the longer the navigator 
sailed in one direction, the further he would be from home. 

Another proof of the spheroidal form of the earth, is the 
figure of its shadow on the moon, during eclipses, which sha- 
dow is always bounded by a circulp'' line. 

These circumstances prove beyond all doubt, that the form 
of the earth is globular, but that it is not an exact sphere; and 
that it is depressed or flattened at the poles, is shown by the 
difference in. the lengths of pendulums vibrating seconds at 
the poles and at the equator. 

Under the article pendulum^ it was shown that its vibrations 
depend on the attraction of gravitation, and that as the centre of 
the earth is the centre of this attraction, so the nearer this in- 
strument is carried to that point, the stronger will be the at- 
traction, and consequently tlie more frequent its vibrations. 

From a great number of experiments, it has been found 

»— — »^i»— — II I ■ n il. 

Explain fig. 200. What other proofs of the gbbular shape of the earth are 
mentioned 1 How is it proved by the vibrations of the pendulum, that the 
eaithb flattened at the poles? ^ 
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tibat a pendulum, which ribiates seconcls at the equator, has 
its nundber of Tihratioiui increaBed, when it is carried towards 
the poles, and as its number of vibrations depends upon its 
length, a clock which keeps accurate time at the equator, must 
hare its pendulum lengthened at the poles. And so, on the 
contrary, a clock going correctly at, or near the poles, must 
hare its pendulum shortened, to keep exact time at the equa- 
tor. Hence the force of gravity is greatest at ihe poles, and 
least at the equator. 

^- 201. The manner in which the 

figure of the earth difiers from 
that of a sphere, is represented 
by &g. 201, where n is the 
north pole, and ^ the south pole, 
the line from one of these points 
to the other, being the axis of 
the earth, and the line crossing 
this the equator. It will be 
seen by this figure that the 
surface of the earth, at the 
poles, is nearer its centre, than 
the surface at the equator. 
The actual difference between 
the polar and equatorial diameters is in the proportion of 300 
to 301. The earth is tfierefore called an oblate spkeroidj the 
word oblate si^nifyin^ tb& reverse of oblong, or shorter in one 
direction than m anomer. 

The compression of the earth at the poles, and the conse- 
quent accumulation of matter at the equator, is probably the 
effect of its diurnal revolution, while it was in a soft or plastic 
state. If a ball of soil clay, or putty, be made to revolve 
rapidly, by means of a stick passed through its centre, as an 
axis, it will swell out in the middle, or equator, and be de- 
pressed at the poles, assuming the precise figure of the earth. 
This figure is the natural and obvious consequence of the 
centrifu^ force, which operates to throw the matter off, in 
proportion to its distance from the axis of motion, and the 
rapidity with which the ball is made to revolve. The parts 
about the equator would therefbre tend to fly of^ and leave 

In what proportion is the polar, leas than the equatorial diameter 1 What 
b the earth called, in reference to this figure 1 Ilow b it supposed that it 
.came to have Uiis fenn 1 How is the form of the eaith iUustnrted by expe- 
limentl Explain the nason wh j a pbirtic ball will iwiell at theeqvatoi^ 
wImii DMide to BBvohA, 
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tt,e other parts, in conseqaence of the centrifugal foree, while 
those about the poles, bein^ near the centre of motion^ would 
receive a much smaller unpolse. Consequently the ball 
would swell, or bulge out at the equator, which would produce 
a corresponding depression at the poles.. 

The weight of a body at the poles is found to be greater 
than at the equator, not only because the poles are nearer 
the centre of the earth than the equator, but because the cen- 
trifugal force there tends to lessen its gravity. The wheels 
of machines, which revolve with the greatest rapidity, are 
made in the strongest manner, otherwise they will fly in 
pieces, the centrifugal force not only overcoming the gravity, 
out the cohesion of their parts. 

It has been found, by calculation, that if the earth turned 
over once in 84 minutes and 43 seconds, the centrifugal force 
at the equator would be equal to the power of gravity there, 
and that bodies would entirely lose their weight. If the 
earth revolved more rapidly than this, all the buildings, rocks, • 
mountains, and men, at the equator, would not only lose their 
weight, but would fly away, and leave the earth. 

Solar and Siderial Time. 

The stars appear to go round the earth in 23 hours, 56 
minutes, and 4 seconds, while the sun appears to perform the 
same revolution in 24 hours, so that the stars gain 3 minutes 
and 56 seconds upon the sun ev^rjiday. In a year, &is 
amounts to a day, or to the time taken by the earth to per- 
form one diurnal revolution. It therefore happens, that when 
time is measured by the stars, there ^re 366 days in the year, 
or 366 diurnal revolutions of the earth, while, if measured 
by the sun from one meridian to another, there are only 365 
whole days in the year. The former are called the siderialy 
and the latter solar days. 

To account for this diflerence, we must remember that the 
earth, while she performs her daily revolutions, is constantly 
advancing in her orbit, and that, therefore, at 12 o'clock to- 
day, she is not precisely at tlie same place in respect to the 

What two causes render the weights of bodies less at the equator than at 
the poles 1 What would be the consequence on tlie weights of bodies at the 
equator, did the earth turn over once in 84 minutes and 43 seconds 1 The stars 
appear to move round the earth in less time thaii the sim, what does the 
dinerence amount to in a year 1 What is the year measured by a star ealled 1 
What is that measured by ^e sun called 1 
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m&i thftt ihe vac at 13 o'clock yeaterdsy, or wQl be to-mor* 
row. But the fixed stars ara at such an amazing distance 
frtm ns, that the earth's orbit, in respect to them, ia but a 
point ; and therefore, as the earth's diurnal modon is perfectly 
nnifonn, she reyolrea from any t^ven star to the same star 

r'ln, in exactly the same period of absolute time. The orbit 
ihe earth, were it a solid mass, instead of an imaginary 
drcle, would hare no appredaUe length or breadth, when 
Ken &om a fixed star, and therefore, whether the earth per- 
formed her diurnal revolutions at a particular station, of wnile 
passing round ~ ~ ~ lake no appreciable difler- 

eaee with res) ce the same star, at every 

complete daif irth, appears precisely in 

the same diret the year. The moon, for 

instance, won! e same point, to a person 

who waJks r< ndred yards in diameter, 

and for the sa ars in the sune direction 

from all parts < lugh 190 millions of miles 

in diameter. 

If the eartl notion, her revolution, in 

respect to thi e exactly with the same 

revolution in : it white she is making one 

revolution gn east, sbe advances in the 

■ame direction about one degree in her orbit, so that to bring 
the same meridian towards the sun, she must make & liltie 
Biore than one entire roTolution. 

«-• fig. aoa. 
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To make this plain, suppose the sun, «, fig. 902, to be ex* 
actly on a meridian line marked at e, on the earth A, on a 
giren day. On the next day, the earth, instead of bein^ at Jl, 
as on the day before, advances in its orbit to JB, and m the 
mean time having completed her revolution, in respect to a 
star, the same meridian line is not brought under the sun, as 
on die day before, but falls short of it as at e, so that the earth 
has to perform more than a revolution, by the distance from e 
to o, in order to bring the same meridian again under the sun. 
So on the next day, when the earth is at C, she must again 
complete more than two revolutions, since leaving Ay by the 
space from e to o, before it will again be noon at e. 

Thus, it is obvious, that the earth must complete one revo- 
lution, and a portion of a second revolution, equal to the space 
she has advanced in her orbit, in order to briing the same me- 
ridian back again to the sun. This small portion of a second 
revolution amounts daOv to the 365th part of her circumfer- 
ence, and therefore, at the end of the year, to one entire rota- 
tion, and hence in 365 days, the eartti actually tuma on her 
axis 366 times. Thus, as one complete rotation forms a si- 
derial day, there must, in the year, be one siderial, more than 
there are solar days, one rotation of the ear^, "with respect to 
the sun, being lost, by the jearth's yearly revolution. The same 
loss of a day happens to a traveller, who, in passing round 
the earth towards the west, reckons his time by the rising and 
setting of the sun. If he passes round towards the east, he 
will gain a day fqr the same reason. 

EqvMionof Time. 

As the motion of the earth about its axis is perfectly uni- 
form, the siderial days, as we have already seen, are exactly of 
the same length, in all parts of the year. But as the orbit of 
the earth, or the apparent path of the sun, is inclined to tibe 
earth's axis, and as the earth moves with different velocities 
in dLSerent parts of its orbit, the solar, or natural days, are 
sometimes greater and sometimes less than 24 hours, as shown 

Had the earth only a diurnal revolution, would the siderial and sdar time 
agrae 1 Show by %. 202, how siderial, difiers fix)m solar time. Why does 
not the earth turn the same meridian to the sun at the same time every day 1 
How many times does the earth turn on her axis in ftyear ? Why does she 
turn more times than there are days m. the year? Why are the solar days 
snmrtimps greater, and sometimeB less than 31 hooisl 
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hj an accurate clock. The consequence is, that a true son 
dial, or noon mark, and a true time piece, agree Mdth each 
other, only a few times in a year. Tne difTerence between 
flie sun dial and clock, thus shown, is called the equaMon of 
time. 

The difference between the sun and a well regulated clock, 
thus arises from two causes, the inclination of the earth's axis 
to the ecliptic, and the elliptical form of the earth's orbit. 

That the earth moves in an ellipse, and that its motion is 
more rapid sometimes than at others, as well as that the earth's 
axis is inclined to the ecliptic, have already been explained 
and illustrated. It remains, dierefore, to show how these 
two combined causes, the elliptical form of the orbit, and the 
inclination of the axis, produce the disagreement between the 
sun and clock. In this explanation, we must consider the 
sun as moving around the ecliptic, while the earth revolves on 
her axis. - 

Equals or mean time, is that which is reckoned by a clock, 
supposed to indicate exactly 24 hours, from 12 o'clock on 
one day, to 12 o'clock on the next day. Apparent time, is 
that which is measured by the apparent motion of the sun in 
the heavens, as indicated by a meridian line, or sun dial. 

Were the earth's orbit a perfect circle, fig. 196, and her 
axis perpendicular to the plane of this orbit, the days would 
be of uniform length, and there would be no difference be- 
tween the clock and the sun ; both would indicate 12 o'clock 
at the same time, on every day in the year. But on account 
of the inclination of the earth's axis to the ecliptic, unequal 
portions of the sun's apparent path through the heavens wiH 
pass any meridian in equal times. This may be readily ex- 
plained to the pupil, by means of an artificial globe, but per- 
haps it will be understood by the following diagram. 



What 18 the difference between the time of a sun dial and a clock called 1 
What are the causes of the difference between the sun and clock 1 In ex- 
plaining equation of time, what motion b considered as belonging to the sun, 
and what motion to the earth % What is equal, or mean time 1 What is 
apparent time 7 
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F«.9(0. Let ANB8,Ag. 

2089 be the concave 
of the heavens, in the 
centre of which is 
the earth. Let the 
line A B, be the 
equator, extending 
through the earth 
and the heavens, and 
ijj let A, a, &, C, c, and 
(2, be the ecliptic, or 
the apparent path ot 
the sun through die 
heavens. Also, let 
A, 1, 2, 3, 4, 5, be 
equal distances on 
the equator, and A, a, 
bf C, c, and <Z, equal 
portions of the eclip- 
tic, corresponding with A 1, 2, 3, 4, and 5. Now we will sup- 
pose, that there are two suns, namely, a false, and a real one ; 
that the false one passes through the celestial equator, which 
is only an extension of the earth's equator to the heavens; 
while the real sun has an apparent revolution through the 
ecliptic ; ^nd that they both start from the point A, at the 
same instant. The false sun is supposed to pass through the 
celestial equator in the same time, that the real one passes 
through the ecliptic, but not through the same meridians 
at the same time, so that the false sun arrives at the points 
1, 2, 3, 4, and 5, at the time when the real sun arrives at 
the points a, ^, C, and c. When the two suns were at A, 
the starting point, they were both on the same meridian, 
but when me fictitious sun comes to 1, and the real sun to a, 
they are not in the same meridian, but the real sun is west- 
ward of the fictitious one, the real sun being at a, while the 
fidse sun is on the meridian 1, consequently, as the earth 
turns on its axis from west to east, any particular place will 

In fiff. 203, which is the celestial equator, and which the ecliptic 1 
Thioagn which of these dicles does the false, and through which does the 
true sun pass'} When the real son arrives to a, and the false one to 1. 
are they both on the same meridianl Which is then most westward 1 
When the two suns are at 1 and a, why will any meridian come first 
under the real siml Were the true son in place of the fidse oue, why 
would the 0UO and dock agieel 
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eome under the swi^s real meridian, sooner dian under the 
fictitious sun's meridian ; that is, it will be 12 o'clock by the 
true sun, before it is 12 o'clock by the false sun, or by a true 
eiwii ; but were the true sun in place of the false one, the 
gun and clock would ame. While the true sun is passing 
through that quarter of his orbit, from a to C, and the ficti- 
tious sun from 1 to 3, it will always be noon by the true sun 
before it is noon by the false sun, and during this period, the 
0un will hefcLster than the clock. 

When the true sun arrives at C, and the false one at 3, they 
are both on the same meridian, and the sun and clock agree. 
But while the real sun is passing from C to B, and the false one 
from 3 to B, any meridian comes later under the true sun than 
it does under the false, and then it is noon by the sun after it 
is noon by the clock, and the sun is then said to be slower than 
the clock. At B, both suns are again on the same meridian, 
and then again the sun and clock agree. 

We have thus followed the real sun through one half of his 
true apparent place in the heavens, and the false one through 
half the celesti^ equator, and have seen that the two suns, 
since leaving the point A, have been only twice on the same 
meridian at the same time. It has been supposed that the two 
suns passed through equal arcs, in equal times, the real sun 
through the ecliptic, and the ^Ise one through the equator. 
The place of the false sun may be considered as representing 
the place where the real sun would be, in case the earth's axis 
had no inclination, and consequently it agrees with the clock 
^ every 24 hours. But the true sun, as he passes round in the 
ecliptic, comes to the same meridian, sometimes sooner, and 
sometimes later, and in passing around the other half of the 
ecliptic, or in the other naif year, the same variations succeed 
each other. 

The two suns are supposed to depart from the point A, on 
th^ 20th of March, at which time the sun and clock coincide. 
From this time, the sun is faster than the clock, until the two 
suns come together at the point C, which is on the 21st of 
June, when the sun and clock again agree. From this period 
the sun is slower than the clock, until the 23d of September, 

While the suns are passing from A to C, and from 1 to 3, will the 
son be faster or slower than the clock 1 When the two suns are at C, 
and 3, why will the sun and clock agree 'i While Uie real sun is pasainff 
ftom B to C, which Is fastest, the clock, or sunl What does the place oT 
Hoe false sun represent, in fig. 203 ? 
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nd faster again until the 21st of December, at which time 
(hey asree as hefore. 

We have thus seen how the inclination of the earth's axis, 
and the consequent obliquity of the equator to the ecliptic^ 
causes the sun and clock to disagree, and on what days they 
would coincide, provided no other cause interfered with their 
agreement. But although the inclination of the earth's axis 
would bring the sun and clock together on the above-men* 
tioned days, yet this agreement is counteracted by another 
cause, which is the elliptical form of the earth^s orbit, and 
though the sun and clock do agree four times in the year, it 
is not on any of the days above mentioned. 

It has been shown by fig. 193, that the earth moves more 
rapidly in one part of its orbit than in another. When it is 
nearest the sun, which is in the winter, its velocity is greater, 
than when it is most remote from him, as in the summer. 
Were the earth's orbit a perfect circle, the sun and clock 
would coincide on the days above specified, because then the 
only disagreement would arise from the inclination of the 
earth's axis. But since the earth's distance fi*om the sun is 
constantly changing, her rate of velocity also changes, and 
she passes through unequal portions of her orbit m equal 
times. Hence on some days, she passes through a greater 
portion of it than on others, and thus this becomes another 
cause of the inequality of the sun's apparent motion. 

The elliptical form of the earth's orbit would prevent the 
coincidence of the sun and clock at all times, except when 
the earth is at the ^eatest distance from the sun, which hap- 
pens on the 1st of July, and when she is at the least distance * 
from him, which happens on the 1st of January. As the earth 
moves faster in the winter than in the summer, from this 
cause, the sun would be faster than the clock from the 1 st of 
July to the 1st of January, and then slower than the clock 
from the 1 st of January' to the 1st of July. 

We have now explained, separately, the two causes which 
prevent the coincidence of the sun and clock. By the first ' 
cause, which is the inclination of the earth's axis, they would 

The inclination of the earth's axis would make the sun and clock agree 
in March, and the other months above named : why^ then do they not ac- 
tually agree at those times 1 Were the earth's orbit a perfect circle, cm 
^diat days would the sun and dock agree 1 How does Hie form of the 
earth's orbit interfere with the agreement of the sun and dock on those 
days? At what times would the form of the earth's orbit biing the san 
•lid dock to agree 1 
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agree four times in the year, and by the second cause, tlie ir- 
re^larity of the earth's motion, they would coincide only 
twice in the year* 

Now these two causes counteract the effects of each other, 
so. that the sun and clock do not coincide on any of the days, 
when either cause, taken singly, would make an agreement 
between them. The sun and clock, therefore, are together, 
only when the two causes balance each other ; that is, when 
one cause so counteracts the other, as to make a mutual 
agreement between them. This effect is produced four times 
in the year; namely, on the 15th of April, 15th of June, 31st 
of August, and 24tn of December. On Uiese days, the sun 
and a clock keeping exact time, coincide, and on no others. 
The greatest difference between the sun and clock, or between 
apparent and mean time, is 161 minutes, which takes place 
about the 1st of Noyember. 

Precession of the Equinoxes. , 

A tropical year is the time it takes the sun to pass from 
one equmox, or tropic, to the same tropic, or equinox, again. 

A siderial year is the time ii takes the sun to perform his 
apparent annual reyolution, from a fixed star, to the same fix- 
ed star again. 

Now it has been found that these two complete reyolutions 
are not finished in exactly the same time, but that it takes the 
sun about 20 minutes longer to complete his apparent revolu- 
tion in respect to the star, than it does in respect to the equi' 
noxj and hence the siderial year is about 20 minutes longer 
than the tropical year. The revolution of the earth from 
' equinox to equinox, again, therefore precedes its complete re- 
yolution in the ecliptic by about 20 minutes, for the absolute 
reyolution of the earth is measured by its return to the fixed 
star, and not by the return of the sun to the same equinoctial 
point This apparent falling back of the equinoctial point, 
80 as to make the time when it meets the sun. precede the time 

The incfiiiAtion of the earth's axis vrovid make the son and dock 
agree four tunes in the year, and the ibim of the earth's oibk would 
make than agree twice in the year, now diow the reason why they do 
not agree fiom these causes, on we above mentioned days, and why they 
do agree on other days. On what days do the smi and dock agree) 
What is a trc^Mcal yearl What is a iiderial yearl What is the Af ^ 
ference m the time which it takes the son to o(Hnplete his revolution in 
respect to a star, and bi respect to the equinoK 1 Explain what is meaiil 
by the pieoeadkm of the eqmnoxes. 
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wh^n the earth makes its complete revolution in respect to the 
star, is called the precession of the equinoxes. 

The distance wnich the sun thus gains upon the fixed star, 
or the (hfference between the sun ana star, when the sun has 
arrived at the equinoctial point, amounts to 60 seconds of a 
degree, thus making the equinoctial point recede 60 seconds 
of a degree, (when measured by the signs of the zodiac,) 
westward, every year, contrary to the sun's annual progressive 
motion in the ecliptic* 

Fig. 204. 




To illustrate this by a fiffure, suppose iS, fig. 204, to be the 
sun, E the earth, and o a meed star, all in a straight line with 
respect to each other. Let it be supposed that this opposi- 
tion takes place on the 21st of March, at the vernal equinox, 
and that at that time the earth is exactly between the sun and 
the star. Now when the earth has performed a complete 
revolution around its orbit 1^ a, as measured by the star, she 
will arrive at precisely the same point where she now is. But 
it is found that when the «arth comes to the same equinoctial 
point, die next year, she has not gone her comi>lete revolution 
m respect to the star ; the equinoctial point having fallen back 
with respect to the star, during the year, from E to e, so that 
the earth, after having completed her revolution, in respect to 

How many seocmdB of a degree does the equinox lecede every year, 
when the sun's place » compared with a star 1 How does %. 904, 9- 
histnte the preceaoonof the eauinoxesi Explain fig. 904, and ahQW 
from whal pomts the equinoxes fiul back from year to year. 

22 
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Am9 MuiDOX, ha« yet k> ptas the space from e to E, to com- 
plete ner reyolution in respect to the star. 

The space from E to e^ being 50 seconds of a degree, and 
the equinoctial point fiilling this space every year s^ort of the 
place where the sun and this point agreed the year Ibefore^ it 
IS obvious, that on the next revolution of the earth, the equi* 
noz wU] not be found at e, but at t, so that the earth, having 
completed her second revolution in respect to the sun when at 
t, will still have to pass from t to £, before she completes an- 
other revolution in respect to the star. 

The precession of the equinoxes, being 50 seconds of a de- 
gree, every year, contrary to the sun^s apparent motion, or 
about 20 minutes in time, short of the pomt where the sun 
and equinoxes coincided the year before, it follows, that the 
fixed stars, or those in the sign of the zodiac, move forward 
every year 50 seconds, with respect to the equinoxes. 

In consequence of this precession, in 2160 years, those stars 
which now appear in the beginning of the sign Aries, for in- 
stance, will tiien appear in me beginning of Taurus, having 
moved forward one whole sign, or 30 degrees, with respect to 
the equinoxes, or the equinoxes having gone backwards 30 
degrees, with respect to the stars. In 12,^0 years, or 6 times 
21 dO years, therefore, the stars will appear to have moved 
forward one half of the whole circle of the heavens, so that 
those which now appear in the first degree of the si^n Aries, 
will then be in the opposite point of the zodiac, and therefore, 
in the first degree ol Libra. And in 12,690 years moie, be- 
cause the equinoxes will have fallen back the other half of 
the circle, the stars will appear to have gone forward, from 
Libra to Aries, thus completing the whole circle of the zodiac. 

Thus in about 26,000 years me equinox will have gone back- 
wards a whole revolution around the axis of the ecliptic, and 
the stars will appear to have gone forward the whole circle of 
the zodiac. 

The discovery of the precession of the equinoxes has thrown 
much light on ancient astronomy and chronology, by showing 

an agreement between ancient and modern observations, con- 

^ — ~ — ^— 

How many TnimUflg^ in time, U the preoeaBion of the equinoxes per 
yearl What efiect does this precession produce on the nxe^ stars 1 
How many years b a stAT in going forward one degree, in respect to the 
equinoxes i bi how many yeais wUl the stars appear to have passed 
half around the heavens 1 m what period will the earth appear to have 
gpw hackwaids one whde revohitbn? In what rsspect is the preoe»- 
skm of the equinoxes an inqportant suhject 1 
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cerning the places of the signs of the zodiac, not to be recon- 
ciled in any other manner. 

A complete explanation of the cause which occasions the 
precession of the equinoxes, would require the aid of the most 
abstruse mathematics, and therefore cannot be properly in- 
troduced here. The cause itself may, however, be stated m 
a few words. 

It has already been explained, that the revolution of the 
earth round its axis, has caused an excess of matter to be 
accumulated at the equator, and henco^ that the equatorittl, is 
greater than the polar diameter, by 34 miles. Now the at- 
traction of the sun, and moon, on this accumulated matter at 
the equator, has the effect of slowly turning the earth about 
the axis of the ecliptic, and thus causing the precession of the 
equinoxes. 

Hie Moon, 

While the earth revolves round the sun, the moon revolves 
round the earth, completing her revolution once in 27 days, 
7 hours, and 43 minutes, and at the distance of 240,000 miles 
from the earth. The period of the moon's change, that is, 
from new moon to new moon again, is 29 days, 12 hours, and 
44 minutes. 

The time of the moon's revolution round the earth is called 
her periodical month ; and the time from change to change 
is^called her sy nodical month. If the earth had no annual 
motion, these two periods would be equal, but because the 
earth goes forward in her orbit, while the moon goes round 
the earth, the moon must go as much farther, from change to 
change, to make these periods equal, as the earth goes for- 
ward during that time, which is more than the twelfth part of 
her orbit, there being more than twelve lunar periods in the 
year. 

These two revolutions may be . familiarly illustrated by the 
motions of the hour and minute hands of a watch. Let us 
suppose the 12 hours marked on the dial plate of a watch to 
represent the 12 signs of the zodiac through which the sun 
seems to pass in his yearly revolution, while the hour hand of 

What is the cause of the precession of the equinoxes 1 What is tfa« 
period of the moon's revolution round the earth 1 What is the period 
from new moon to new moon again 7 What are these two periods 
called '^ Why are not the periodical and synodical months equal 1 How 
are these two levohitienB of the moon ilhotrated hy the two haniii of 
ai' watch 1 
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the watch represents die sun, and die minute hand the moon. 
Then, as the hour hand goes around the dial plate once in 12 
hours, so die sun apparendy goes around the zodiac once in 
12 months ; and as the minute hand makes 12 revolutions to 
one of the hour hand, so the moon makes 12 revolutions to 
one of the sun. But the moon, or minute hand, must go more 
than once round, from any point on the circle, where it last 
came in conjunction with die sun, or hour hand, to overtake 
it again, since the hour hand will have moved forward of the 
place where it was last overtaken, and consequently the next 
conjunction must be fbrward of the place where the last hap- 
pened. During an hour, the hour hand describes the twelfth 
part of the drcie, but the jninute hand has not only to go 
round the whole circle in an hour, but also such a portion of 
it, as the hour hand has moved forward since they last met 
Thus at 12 o'clock, the hands are in conjunction ; the next 
conjunction is 5 minutes 27 seconds past I o'clock ; the next, 
10 min. 54 sec. past II o'clock ; the third, 16 min. 21 sec 
past III ; the 4th, 21 min. 49 sec imst lY : the 5th, 27 min. 
10 sec. past Y ; die 6th, 32 min. ^ sec. ^st YI ; the 7th, 
38 min. 10 sec past YII ; the 8th, 43 min. 38 sec past YIII ; 
the 9th, 49 min. 5 sec. past IX ; the 10th, 54 min» 32 sec 
past X ; and the next conjunction is at XII. 

Now although die moon passes around the eardi in 27 days 
7 hours and 43 minutes, yet her change does not take place 
at the end of this period, because her changes are not occa- 
sioned by her revolutions alone, but by her coming periodical- 
Iv into the same position in respect to the sun. At her change, 
sne is in conjunction with the sun, when she is not seen at all, 
and at this time astronomers call it new moon, though gene- 
rally, we say it is new moon two days afterwards, when a 
small part of her hce is to be seen. The reason why there 
is not a new moon at the end of 27 days, will be obvious, from 
die motions of the hands of a watch ; for we see that more 
than a revolution of the minute hand is required to bring it 
again in the same position with, the hour hand, by about the 
. twelfth part of the circle. 

The same principle b true in respect to the moon ; for as 

Mention the time of several conjunctions between the two hands of a 

^watch. Why do not the moon's changes take place at the periods of 

her revolution aroond the eaithi How much loiu^r does it take the 

moon to come again in conjunction with the son, than it does to perform 

her periodical le^ution 1 
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the earth advances in its orbit, it takes the moon 2 days 5 
hours and 1 minute longer to come again in conjunction with 
llie sun, than it does to make her monthly revmution round 
the earth ; and this 2 days 5 hours and 1 minute being added 
to 27 days 7 hours and 43 minutes, the time of the periodical 
revolution makes 29 days 12 hours and 44 minutes, the 
period of her synodical revolution. 

The moon always presents the same side, or face, towards 
the earth, and hence it is evident that she turns on her axis 
but once, while she is performing one revolution round the 
earth, so that the inhabitants of the moon have but one day, 
and one night, in the course of a lunar month. 

One half of the moon is never in the dark, because when 
this half is not enlightened by the sun, a strong light is reflect- 
ed to her from the earth, during the sun's absence. The 
other half of the moon enjoys alternately two weeks of the 
sun's light, and two weeks of total darkness. 

The moon is a globe, like our earth, and, like the earth, 
shines only by the light reflected from the sun; therefore, 
while that half of her which is turned towards the sun is 
enlightened, the other half is in darkness. Did the moon 
shine by her own light, she would be constantly visible to us, 
for then, being an orb, and every part illuminated, we should 
see her constantly full and round, as we do the sun. 

One of the most interesting circumstances to us, respecting 
the moon, is, the constant dianges which she undergoes, in 
her passage around the earth. When she first appears, a day 
or two after her change, we can see only a small portion of her 
enlightened side, which is in the form of a crescent ; and at 
this time she is commonly called' new moon. From this peri- 
-od, she goes on increasing, or showing more and more of her 
face ever}r evening, until at last she Incomes round, and her 
face fully illuminated. She then begins again to decrease, by 
apparently losing a small section of her face, and the next 
evening, another small section from the same part, and so on, 
decreasing a little everyday, until she entirely disappears ; 
and having been absent a day or two, re-appears, in tne form 
of a crescent, or new moon, as before. 

How is it proved that the moon makes but one revolution on her axis, 
as she passes aioond the earth? One half of the moon is never in the 
daA'j enlain why this » so. How long is tibe day and night at the 
other half 7 How is it shown that the moon dunes onJIjr by ndected 
light 1 

22» 



268 MOON. 

When the moon disappears, she is said to be in conjunction, 
that is, she is in the same direction from us with the sun. 
When she is full, she is said to be in opposition^ that is, she is 
in that part of the^heavens opposite to the sun, as seen by us. 

The different appearances of the moon, from new to fulU 
and from full to ctiangey are owin^r to her presenting different 
portions of her enlightened suimce towards us at different 
times. These appearances are called ihephases of the moon, and 
are easily accountedfor, and understood, oy the following figure. 

Fig. 205. 





Let 8, fig. 590&, be die sun, E ihe earth, and A, B, C, D, 

£, the moon in (hfferent jMirts of her orbit Now when the 
moon changes, or is in conjunction with the sun, as at J., her 
dark side is turned towards the earth, and Ehe is invisible, as 
represented at a. The sun always shines on one half of the 
moon, in every direction, as represented at A and B, on the 
inner circle ; but we at the earth can see only such portions of 
the enlightened half as are turned towards us. After her change, 
when she has moved from A to £, a small part of her illumi- 
nated side comes in sight, and she appears horned, as at 6, and 
is then called the new moon. When she arrives at C, several 
days afterwards, one half of her disc is visible, and she ap- 
pears as at c, her appearance being the same in both circle. 
At this point she is said to be in her first yuarter^ because she 
has passed through a quarter of her orbit, and is 90 degrees 

Whenu themo(m saidtobeineonjiuielaoii withtheran, and when in oppo- 
sition to the 0im1 What an the phases of the moon 1 Describe fiff. 906, and 
show how the moon passes firom change to fidl, and firoiv fidl to duuige. 
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from the place of her conjunction with the sun. At D, she 
shows us still more of her enlightened side, and is then said 
to appear gibbous^ as at d. When she comes to £, her whole 
enlightened side is turned towards the earth, and she appears 
in s£ the splendor of B,fuU moon. During the other half of 
her revolution, she daily shows less and less of her illuminated 
side, until she asain becomes invisible by her conjunction 
with the sun. Thus in passing from her conjunction a, to' 
her full, e, the moon appears every day to increase, while in 
going from her full to her conjunction again, she appears to 
us constantly to decrease, but as seen from die sun, she ap- 
pears always full. 

The earm, seen by the inhabitants of the moon, exhibits 
the samephases that the moon does to us, but in a contrary 
order. When the moon is in her conjunction, and con- 
sequently invisible to us, the earth appears full to the people 
of the moon, and when the moon is full to us, the earth is 
dark to them. 

The earth appears thirteen times larger to the lunarians 
than the moon does to us. As the moon always keeps the 
same side towards the earth, and turns on her axis only as she 
moves round the earth, we never see her opposite sioe. Con- 
sequently, the lunarians who live on the oppoiute side to us 
never see the earth at alL To those who uve on die middle 
of. the side next to us, our earth is -always visible, and directly 
over head, turning on its axis nearly tnirty times as rapidly 
as the moon, for she turns only once in about thirty days. 
A lunar astronomer, who should happen to live directly ca>po- 
site to that side of the moon, which is next to us, womd have 
to travel a quarter of the circumference of die moon, or about 
1500 miles, to see our earth above the horizon, and if he had 
the curiosity to see such a glorious orb, in its full splendor 
over Ub head, he must travelSOOO miles. But if his curiosity 
equalflp that of the.terrestrials, he would be amply compensated 
by beholding so glorious a nocturnal luminary, a moon diii^ 
teen times as large as ours. 

That the fearth shines upon the moon as the moon does upon 
us,Js proved by the fkct that the outline of her whole disc may 

What IS said cofnoeming the phaeeB of the eaxthi as adsa frun U10 
moon 1 When does the earth appear full at the moon 1 When is the 
eteth, in her change, to the pec^ of the mooni Why do those who 
live on one side of the moon never see the earth 1 How is it Imown 
thai the earth sfaiofes upon the moon, as the moon does upon us 1 
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be seen, when only a part of it is enli^tened by the sun. 
Thus when the sky is dear, and the moon only two or three 
days old, it is not uncommon to see the brilliant new moon, 
with her horns enlightened by the sun, and at the same time, 
the old moon jointly illuminated by reflection from the eartL 
This phenomenon is sometimes called ^' the old moon in the 
new moon's arms." 

It was a disputed point among former astronomers, whether 
the moon has an atmosphere; but the more recent discoveries 
have decided that she has an atmosphere, though there is 
reason to believe that it is much less dense than ours. 

When the moon's surface is examined through a telesocpe, 
it is found to be wonderfully diversified, for besides the dark 
spots perceptible to the naked eye, there are seen extensive 
valleys, and long ridges of highly elevated mountains. 

Some of these mountains, according to Dr. Herschel, are 4 
miles high, while hollows more than 3 miles deep, and almost 
exactly circular, appear excavated on the plains. Astronomers 
have been •at vast labor to enumerate, figure, and describe, the 
mountains and spots on the surface of the moon, so that the 
latitude and longitude of about 100 spots have been ascertain- 
edy and their names, shapes, and relative positions given. A 
still ffreater number of mountains have been named, and their 
heiffhts and the leng^ of their bases detailed. 

The deep caverns, and broken appearance of the moon's 
surfacerlong since induced astronomers, to believe that such 
effects were produced by volcanoes, and more recent discov- 
eries have seemed to prove that this suggestion was not with- 
out foundation. Dr. Herschel saw with his telescope, what 
appeared to him three volcanoes in the moon, two of which 
were nearly extinct, but the third was in the actual state of 
eruption, throwing out fire, or other luminous matter, in vast 
quantities. «*. 

It was formerly believed that several large spots, w^feh ap- 
peared to have plane surftces, were seai^ or lakes, andlhat a 
part of the moon's surfiice was covered, with water, like that 
of our earth. But it has been found, on closely observing 
these spots, when they were in sach a position as to reflect 
the suii's light to the earth, had they been water, that no 
such reflection took place. It has also been founcit that when 

■ "■■ "I I I II I I. I I I I I I I I I I ■ ■! 

What is said conoenniig the moon's atmosplieie 1 Ho<w high 91^ 
Mme of the mountains, and how deep the cavtrns of the moon? Whai . 
is said concerning the volcanoes of the mu9n1 
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these spots were turned in a certain position, their surfiices 
appeared rough, and uneven \ a certain indication that they 
are not water. These circumstances, together with the ^t, 
that the moon^s sur&ce is never obscured hy mist or vapor, 
arising from the evaporation of water from her surface, have 
induced astronomers to believe, that the moon has neither 
seas, lakes, nor rivers, and indeed that no water exists there. 

JEclipses 

Every planet and satellite in the solar system is illuminated 
by the sun, and hence they cast shadows in the direction op- 
posite to him, just as the shadow of a man reaches from the 
sun. A shadow is nothing more than the interception of the 
rays of light by an opaque body. The earth always makes a 
shadow* which reacnes to an immense distance into open 
space, in the direction opposite to the sun. l^hen the earth, 
turning on its axis, carries us out of the sphere of the sun's 
Kght, we say it is sun^seU and then we pass into the earthy 
simdow, and night comes on. When the earth turns half 
round from this point, and we again emerge out of the earth's 
shadow, we say, the sun risesy and then day begins. 

Now an eclipse of ^e moon is nothing more t&n her falling 
into the shadow of the earth. The moon having no light of 
her own, is thus darkened, and we say she is eclipsed* The 
shadow of the moon also reaches to a great distance from her* 
We know that it reaches at least S'^fOOO miles, because it 
sometimes reaches the earth. An eclipse of the sun is occa* 
. sioned whenever the earth fiills into the shadow oi the moon. 
Hence in eclipses, whether of the sun or moon, the two plan* 
ets and the sun must be nearly in a straight line with respect 
to each other. In eclipses of the moon, the earth is between 
the sun and moon, and in eclipses of the sun, the mocm is be- 
tween the earth and sun. 

If the moon went around the sun in the same plane with 
the earth, that is, were the moon^s orbit on the plane of the 

What 18 suppjosed oonoeming the lakes andseaaof themooal On 
what grounds is h sapposed that there is no water at the moon 1 What 
is a shadowl When do we say it is sun-set, and when do we say it is 
sun-rise 1 What oocasioxM an eclipse of the mooni What causes 
ecUpses of the son 1 In edipees of the moon, what planet is between 
the sun and moon t "In edipses of the sun, what danet is between the 
sun and eiurth 1 Why is there not an eoiipse of toe sun at every con- 
junction of the sun and moon t 
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^lipdc, there would happen an eclipse of die sun at eveiy 
conjunction of the sun ana moon, or at the time of every new 
moon. But at diese conjunctions, the moon does not come 
exactly between the earth and smi, because tibe orbit of the 
moon is inclined to the ecliptic at an anffle of &k degrees. Did 
the planes of the orbits of the earth and moon coincide, there 
would be an eclipse of the moon at eyery full, for then the 
moon would pass exactly through the earUi's shadow. 

One half of the moon's orbit being elevated 51 degreea 
above the ecliptic, the other h^lf is depressed as much below 
it, and thus the moon's orbit crosses that of the eardi in two 
opposite points, called the moon's nodes. 

As the nodes of the moon are the points where she crosses 
the ecliptic, she must be half the time above, and the other half 
below tiiese points. The node in which she crosses the plane 
of the ecliptic upward, or towards the north, is called her ascend- 
ing node. That in which she crosses the same plane down- 
ward, or toward the south, is called her descending node. 

The moon's orbit', like those of the other planets, is ellipti- 
cal, so that she is sometimes nearer the eartn than at others. 
When she is in that part of her orbit, at the greatest distance 
from the earth, she is said to be in her apogee^ and when at 
her least distance from the earth, she is in her perigee. 

Eclipses can only, happen at the time when tiie moon is at, 
or near, one of her nodes, for at no other time is she near the 
plane of the earth's orbit; and' since the earth is always in 
this plane, the moon must be at, or near it also, in order tQ 
bring the two planets and the sun in the same right line, with- 
out which no eclipse can happen. 

The reason wny eclipses do not happen oftener, and at 
regxdar periods, is because a node of the moon is usually only 
twice, and never more than three times in the year, presented 
towards the sun. The average number of total eclipses of 
both luminaries, in a century, is about thirty, and the average 
number of total and partial, in a year, about four. There 
may be seven eclipses in a year, including those of both In- 

How many degrees is the moon's orbit inclined to that of the eaithi 
What aie the nMes of the moon 1 What b meant by the asoendins 
and descending nodes of the moon 1 What is the moon's apogee, and 
what her perigee 1 Why must the moon be at, or near, one of tier nodes, 
to occasion an ecfipse*} Why do not ecHpses happen often, and at reg- 
tdar periods 1 What is the greatest, and what the least number of eclipses^ 
that can happen in a year 1 
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iiiia«rie% aod there may be only two. When there are only 
two» they are both of the sun. 

When the moon is within 1^ decrees of her node, at the 
time of her change, she is so near me ecliptic, that die sun 
may be more or less eclipsed, and when she is within 12 de- 
grees of her node, at the time of her foil, the moon will be 
more or less eclipsed. 

But the moon is more frequently within 16i degrees of her 
node at the time of her clumge, than she is within 12 degrees 
at the time of her full, and consequently there will be a great- 
er number of solar, than of lunar eclipses, in a course of 
years. Yet more lunar eclipses will be visible, at any one 
place on the earth, than solar, because the sun, being so much 
larger dian the earth, or moon, the shadow of these bodies 
must terminate in a point, and this point of the moon's sha- 
dow never covers but a small portion of the earth's surface, 
while lunar eclipses are visible over a whole hemisphere, 
and as the earth turns on its axis, are therefore visible to more 
than half the earth. This will be obvious by fiffs. 206 and 
207, where it will be observed that an eclipse of the moon 
may be seen wherever the moon is visible, while an eclipse 
of the sun will be total only to those who live within the 
dpaoe covered by the moon's dark shadow. 

Lwnar Eclipses. — When ^e moon falls into the shadow of 
the earth, the rays of the sun are intercepted, or hid from her, 
and she then becomes eclipsed. When the earth's shadow 
covers only a part of her face, as seen by us, she suffers only a 
partial eclipse, one part of her disc being obscured, while the 
other part reflects the sun's light But when her whole sur- 
fa,ce is obscured by the earth's shadow, she then suffers a total 
eclipse,^ and of a duration pronortionate to the distance she 
passes through the earth's shadow. 

Fig. 206 represents a total lunar eclipse ; the moon being 
in the midst of the earth's shadow. Now it wiU be apparent, 
that in the situation of the sun, earth, and moon, as represent- 
ed in the figure, this eclipse will be visible from all parts of 



Why \inll there be more solar ihas^ lunar edipees, in the ooane of years 1 
Why win more huuii than solar ed^ses be visible at any one place 1 
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that hemiiphere of the earth which is next the moon, and that 
the moon's disc will be equally obscured* from whatever point 




it is seen. When the moon passes through only a part of the 
earth's shadow, then she suffers only a partial eclipse, but this 
is also visible from the whole hemisphere next the moon. It 
will be remembered that lunar eclipses happen only at full 
moon, the sun and moon being in opposition, and the earth be- 
tween them. 

Solar Eclipses. — When the moon passes between the earth 
and sun, there happens an eclipse of the sun, because then the 
moon's shadow fails upon the earth. A total eclipse of the 
sun happens oflen, but when it occurs, the total obscurity 
ia confined to a smaU part of the earth : since the dark por- 
tion of the moon's shadow never exceeds 200 miles in diam- 
eter on the earth. But the moon's partial shadow, or pe- 
numhra, may cover a space on the earth of more than 4000 
miles in diameter, within all which space the sun will be more 
or less eclipsed. When the penumbra first touches the earth, 
the eclipse begins at ^at place, and ends when the penumbra 
leaves it. But the eclipse will be total only where the xiark 
shadow of the moon touches the earth. 

Fig. 5W7. 




Why ii the nine edipM total at one place, and only partial at anotherl 
VThy is a total eclipae of the ran confined to so amall a part of the eazth 1 
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Fig. 207 represents an eclipse of the sun, without regard to 
the penumbra, that it may be observed how small a part of 
the earth the dark shadow of the moon covers. To those 
who live within the limits of this shadow* the eclipse will be 
total, while to those who live in any direction around it, and 
within reach of the penumbra, it wiH be only partial. 

Solar eclipses are called annular, from annulus, a rin?, 
when ^e moon passes across the centre of the sun, hidinff sul 
his light, with the exception of a ring on his outer edge, which 
the moon is too small to cover from the position in which it 
is seen. Fig. 908. 




Fig. 208 represents a solar eclipse, with the penumbra D, 
C, and the umbra, or dark shadow, as seen in the above figure. 

When the moon is at its greatest distance from the earth, 
its shadow m 0, sometimes terminates, before it reaches the 
earth, and then an observer standing directly under the point 
o, will see the outer edge of the sun, formmg a bright ring 
around the circumference of the moon, thus forming an annu- 
lar eclipse. 

The penumbra D C, is only a partial interception of the 
sun's rays, and in annular eclipses it is this partial shadow on- 
ly which reaches the earth, wnile the umbra, or dark shadow, 
terminates in the air. Hence annular eclipses are never to- 
tal in any part of the earth. The penumbra, as already stated, 
may cover more than 4000 miles of space^ while the umbra 
never covers lAore than 200 miles in diameter ; hence partial 
eclipses of the sun may be seen by a vast number of inhabi- 
tants, while comparatively -few will witness the total eclipse. 

When there happens a total solar eclipse to us, we are eclips- 
ed to the moon, ana when the moon is eclipsed to us, an eclipse 
of the sun happens to the moon. To tne moon, an eclipse 

What b meant by penumbra 1 What will be dw difference in the aspect 
of the eclipee, whether the observer atands within the dark shadow, or onlj 
within the penumbra 1 What is meant by annular eclqwes 1 Are annular 
eefipses ever total in any part of the earth 1 In annular eclipses, what part 
of tJie moon*s shadow reaches the earth 1 

23 
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of the earth can nl^ver be total, since her shadow covers only 
a small portion of the earth's surface. Such an eclipse, there* 
fore, at the moon, appears only as a dark spot on the face of 
the earth ; but when tne moon is eclipsed to us, the sun is par- 
tially eclipsed to the moon for several hours longer than the 
moon is eclipsed to us. 

The Tides. 

The ebbing and flowing of the sea, which regularly takes 

place twice in 24 hours, are called the tides. The cause of 

the tides, is the attraction of the sun and moon, but chiefly of 

the moon, on the waters of the ocean. In virtue of the universal 

Erinciple of gravitation, heretofore explained, the moon, by 
er attraction, draws, or raises the water towards her, but be- 
cause the power of attraction diminishes as the squares of the 
distances mcrease, the waters, on the opposite side of the 
earth, are not so much attracted as they are on the side nearest 
the moon. This want of attraction, together with the greater 
centrifugal force of the earth on its opposite side, produced in 
consequence of its greater distance from the common centre 
of gravity, between the earth and mocm, causes the waters to 
rise on the opposite side, at the same time that they are raised 
by direct attraction on the side nearest the moon. 

Thus the waters are constantly elevated on the sides of the 

earth opposite to each other above their common level, and 

consequently depressed at opposite points equally distant from 

these elevations. 

Let m, 5g. 209, be the moon, and E the earth covered with 

•Fig. 209. 





water. As the moon passes round the earth, its solid and fluid 
parts are equally attracted by her influence according to their 
aensities ; but while the soKd parts are at liberty to move only 
as a whole, the water obeys the slightest impulse, and thus 
tends towards the moon where her attraction is the strongest. 

What is Baid concerning eclipses of the earth, as seen from the moon 1 
What are the tides 1 What is tlie cause of the tides 1 What causes the 
tide to rise on the side of the earth opposite to the moon 1 
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Consequently the waters are perpetually elevated immediately 
under the moon. If therefore the earth stood still, the influ- 
ence of die moon's attraction would raise the tides only as she 
passed round the earth. But as the earth turns on her axis 
every 24 hours, and as the waters nearest the moon, as at a, 
are constantly elevated, they will, in the course of 24 hours, 
move round the whole earth, and consequently from this cause 
there will be high water at every place once m 24 hours. As 
the elevation of the waters under the moon causes their de- 
pression at 90 degrees distance on the opposite sides of the 
earth d and c, the point c will come to the same place, by the 
earth's diurnal revolution, six hours after the point a, because 
c is one quarter the circumference of the earth from the point 
Oj and therefore there will be low water at any given place 
six hours after it was high water at that place. But while it is 
high water under the moon, in consequence of her direct at- 
traction, it is also high water on the opposite side of the earth 
in consequence of her diminished a'ttraction, and the earth's 
centrifugal motion, and therefore it will be high water from 
this cause twelve hours after it was high water from the former 
cause, and six hours after it was low water from both causes. 
Thus, when it is high wafer at a and &, it is low water at c 
ani d, and as the earth revolves once in 24 hours, there will 
be an alternate ebbing and flowing of the tide, at every place, 
once in six hours. 

But while the earth turns on her axis, the moon advances in 
her orbit, and consequently any given point on the earth will 
not come under the moon on one day so soon as it did on the 
day before. For this reason, high or low water at any place 
comes about fifty minutes later on one day than it did the day 
before. 

Thus far we have considered no other attractive influence 
except that of the moon, as affecting the waters of the ocean. 
But the sun, as already observed, has an effect upon the tidea^ 
though on account of his great distance, his influence is small 
when compared with that of the moon. 

When the suif and moon are in conjunction, as represented 
in fig. 209, which takes place at her change, or when they are 

If the earth stood still, the tides would rise only as the moon passes round 
the earth ; what, then, causes the tides to rise twice in 24 hours 1 When it 
is high water under the moon by her attraction, what is the cause of faJgh 
water on the opposite dde of the earth, at the same time 1 Why axe m 
tides about 50 minutes later every day 1 
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in opposidon, which takes place at full moon, then their forces 
are united, or act on the waters in the same direction, and con* 
sequentlj the tides are elevated higher than usual, an4 on this 
account are called spring tides. 

But when the moon is in her quadratures, or quarters, the 
attraction of the sun tends to counteract that of the moon, and 
although his attraction does not elevate the waters and pro- 
duce tides, his influence diminishes that oi the moon, and con- 
sequently the elevation of the waters are less when the sun 
and moon are so situated in respect to each other, than when 
they are in conjunction, or opposition. 

Fig. 210. 





This effect is represented by fig. 210, where the elevation 
of the tides at c and d is produced by the causes already ex- 
plained ; but their elevation is not so great as in fig. 206, since 
the influence of the sun acting in the direction a 5, tends to 
counteract the moon's attractive influence. These small tides 
are called neap tides, and happen only when the moon is in 
her quadratures. 

The tides are not at their greatest heights at the time when 
the moon is at its meridian, but sometime afterwards, because 
the water, having a motion forward, continues to advance by 
its own inertia, sometime after the direct influence of the moon 
has ceased to affect it. 

Laiitude and Longitude, 

Latitude is the distance from the equator in a direct line, 
north or south, measured in decrees ana minutes. The num- 
ber of degrees is 90 north, and as many south, each line on 
which these deffrees are reckoned running from the equator 
to the poles. Places at the north of the equator are in north 
latituae, and those south of the equator are in south latitude* 
The parallels of latitude are imagmary lines drawn parallel to 

What produces spring tides 1 Where mast the moon be in respect to the 
•on, to produce spring tides 1 What is the oocaaon of neap tides 1 Wliat 
is latitude ? 
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the equator, either north or south, and hence every place 
situated on the same parallel, is in the same latitude! he- 
eauae every such place must be at the same distance from 
the equator. The length of a degree of latitude is 60 geo- 
graphical miles. 

tirmgitude is the distance measured in degrees and minutes 
either eaal or west, from any ^ven point, on the equator, or 
on any parallel of latitude. Hence Uie lines, or meridians of 
loneitudc cross those of latitude at right angles. The degrees 
of longitude are 180 in number, its lines extending half a 
circle to the east, and half a circle to the west, from any given 
meridian, so as to include the whole circumference of the 
earth. A degree of longitude, at the equator, is of the same 
length as a degree of latitude, hut as the poles are approached, 
the degrees of longitude diminish in length, because the 
earth grows smaller in circumference, from the equator to- 
wards the P^l^^i hence the lines surrounding it become less 
and less. This will be made obTious by fig. 211. 

I^'^"- Let this figure represent the 

earth, N being the north pole, 
S the south pole, and JS Ir the 
equator. The Unes 10, 20, 30, 
and so on, are the parallels of 
latitude, and the lines N a S N, 
' b S, &c. are meridian tines, or 
V those of longitude. 

The latitude of any place on 
the globe, is the number of de- 
grees between that place and the 
equator, measured on a meridian 
line; thus ir is in latitude 40 
degrees, because the x ff part of 
the meridian contains 40 degrees. 

The longitude of a placets the number of degrees it is situ- 
ated east or west from any meridian line ; thus » is 30 degrees 
west longitude from x, and f is 20 degrees east longitude 
fromc. 

As the equator divides the earth into two equal parts, or 
hemispheres, there seems to be a natural reason why the dft- 
How PMOT deKTees of latitude arelherel How fin do the Unea of laiitud* 
extendi What innmntbrnanli md south latitude 1 Wlut aie thapand- 
ldtaf lalitndel-What ii longitodel How man; ^freoi of bogitade are 
thsn, east or weat 1 What '» the lalitude of any place 1 What it the kad- 
todaofaplaeel — . r —r 
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grees of latitude should be reckoned from this great eircle* 
ut from east to west there is no natural division of the earth, 
each meridian line being a great circle, dividing the earth 
into two hemispheres, and hence there is no natural reason 
why longitude shoidd be reckoned from one meridian any- 
more th^n another. It has, therefore, been customary for 
writers and mariners to reckon longitude from the capital of 
their own country, as the English from London, the French 
from Paris, and the Americans from Washington. 3ut this 
mode, it is apparent, must occasion much confusion, since each 
writer of a different nation would be obliged to correct the 
longitude of all other countries, to make it-agree with his own. 
More recently, therefore, the writers of Europe and America 
have selected the royal observatory, at Greenwich, near Lon- 
don, as the first meridian, and on most maps and charts lately 
published, longitude is reckoned from that place. 

The latitude of any place is determined by taking the alti- 
tude of the sun at mid-day, and then subtracting this from 90 
degrees; making proper allowances for the surrs place in the 
heavens. The reason of this will be understood, when it is 
considered that the whole number of degrees from the Zenith 
to the horizon is 90, and therefore, if we ascertain the sun's dis- 
tance from the horizon, that is, his altitude, by aHowing for 
the sun's declination north or south of the equator, and sub- 
tracting this from the whole number, the latitude of the place 
will be found. Thus, suppose that on the 20th of March, when 
the sun is at the equator, his altitude from any place north of 
the equator should be found to be ^ degrees above the hori- 
zon ; this, subtracted from 90, the whole number of the de- 
grees of latitude, leaves 42, which will be the latitude of the 
place where the observation was made. 

If the sun, at the time of observation, has a declination, 
north or south of the equator, this declination must be added 
to, or subtracted from, the meridian, altitude, as the case may 
be. For instance, another observation being taken at the 
place where the latitude was found to be 42, when the sun 
had a declination of 8 degrees north, then his altitude would 
be 8 degrees greater than before, and therefore 56» instead of 
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Why are the degrees of latitade reckoned fh>m the equator? yThatit 
^d concernuu? the places from wluch the degrees of longitude have been 
reckoned 1 M/nat is the inconvenience of estimating longitude from a place 
in each couotiy ? From what place is longitude reckoned ia Europe and 
Amertcal 
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48. Now, subtracting thk 8, the sun's declination^ from 56, 
and the remainder from 90, and the latitude of the place will 
bjB found 42, as before. If the smi's declination be south of 
the equator, and the latitude of the place north, his decUna- 
tion must be added to the meridian altitude, instead of being 
subtracted from it. The same result may be obtained by 
taking the meridian altitude of any of the nxed stars, yrhoee 
declinations are known, instead of the sun's, and proceeding 
as aboye directed. 

There is more difficulty in ascertaining the degrees of loUr 
gitude; than those of latitude, because, as aboye stated, there 
IS no fixed point, like that of the equator, from which its degrees 
are reckoned. The degrees of longitude are therefore estimated 
from Greenwich, and are ascertained by the following methods : 

When the sun comes to the meridian of any place, it is 
noon, or 12 o'clock, at that place, and therefore, since the 
equator is diyided into 360 equal parts, or degrees, and since 
the earth turns on its axis once in 24 hours, 15 degrees of the 
equator will correspond with one hour of time, for 360 de- 
grees being divided by 24 hours, will give 15. The earth, there- 
fore, moves in her daily revolution, at the rate of 15 degrees 
for every hour of time. ^ Now, as the apparent course of the 
sun is from east to west, it is obvious that he will come to any 
meridian lying east of a given place, sooner than to one lying 
west of that place, and therefore it will be 12 o'clock to the 
east of any place, sooner than at that place, or to the west of 
it. When, therefore, it is noon at any one place, it will be 1 
o'clock at all places 15 degrees to the east of it, because the 
sun was at the meridian of such places an hour before ; and so, 
on the contrary, it will be 11 o'clock, 15 degrees west of the 
same place, because the sun has still an hour to travel, before 
he reaches the meridian of that place. It makes no differ- 
ence, then, where the observer is placed, since* if it is 12 
o'clock where he is, it will be 1 o'clock 15 degees to the east 
of him, and 11 o'clock 15 degrees to the west of him, and so 

How is the latitude of a place detennined ? Give an example of the method 
of finding the latitude of the same place at different seasons of the year. 
When must the sun's declination fh>m the eq^nator be added to, and when 
subtracted from, hb meridian altitude 1 Why is there more difficulty in as- 
certatoing the degrees of longitude than of latitude 1 How many d^p^ees of 
longitude does the sur&ce of the earth pass through in an hour *i Suppose it 
is noon at any given place, what o'clock will it be 15 degrees to the east of 
that plaeel £S:plain the reason. How may longitude be determined by an 
eclipse 1 
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in this proportion, let the time be more or less. Now, if any 
celestial phenomenon should happen, such as an eclipse of 
the moon, or of Jupiter's satellites, the difference of longitude 
between two places where it is observed, may be determined 
by the difference of the times at which it appeared to take 
place. Thus, if the moon enters the earth's shadow at 6 
o'clock in the evening, as seen at Philadelphia, and at half 
past 6 o'clock at another place, then this place is half an hour, 
or 71 degrees, to the east of Philadelphia, because 7| degrees 
of longitude are equal to half an hour of time. To apply these 
observations practically, it is only necessary that it snould be 
known exactly at what time the eclipse takes place at a given 
point on the earth. 

Longitude is also ascertained by means of a chronometer, 
or true time piece, adjusted to any given meridian ; for if the 
difference between two clocks, situated east and west of each 
other, and going exactly at the same rate, can be known, at 
the same time, then the distance between the two meridians 
where the clocks are placed will be known, and the difierence 
of longitude may be round. 

Suppose two chronometers, which are known to go at ex- 
actly tne same rate, are made to indicate 12 o'clock by the 
meridian line of Greenwich, and the one be taken to sea, while 
the other remains at Greenwich. Then suppose the captain, 
who takes his chronometer to sea, has occasion to know his 
lonffitude. In the first place, he ascertains, by an observation 
of tne sun, when it is 12 o'clock at the place where he is, and 
then by his time piece, when it is 12 o'clock at Greenwich, 
and by allowing 15 degrees for every hour of the difference in 
tune, ne will know his precise longitude in any part of the 
world. For example, suppose the captain sails with his chro- 
nometer for America, and after being several weeks at sea, 
finds by observation, that it is 12 o'clock by the sun, and at 
the same time finds by his chronometer, that it is 4 o'clock at 
Greenwich. Then because it is noon at his place of obser- 
vation after it is noon at Greenwich, he knows that his longi- 
tude is west from Greenwich, and by allowing 15 degrees tor 
every hour of the difference, his longitude is ascertained. 
■^■»— —«—i——i— ^——^—^■^—— ——»——— ^— ■■ X— i— — ^^— — »-^— i— ^— -^i— ^ 

Exdain the Diinciples on which lonsitude b determined by the chronome- 
ter. Suppose tne captain finds by his cnionometer that it is 12 o'clock, where 
he is, 6 hours later tnan at Greenwich, what then would be his longitude ? 
Suppose he finds it to be 12 o'clock 4 hours earlier where he is, ttian at 
Qreenwich, what then would be his tongitude ? 
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Thus, 15 demes, multiplied by 4 hours, give 60 degrees of 
west longitude from Greenwich. If it is noon At the place of 
observation/ before it is noon at Greenwich, then the captain 
knows that his longitude is east, and his true place is found 
in the same manner. 

. Fixed Stars. 

The stars are c&Wed fixed^ because they have been observed 
not to change their places with respect to each other. They 
may be distmguished by the naked eye from the phinets of 
our system by their scintillations, or twinkling. The stars 
are divided into classes, according to their magnitudes, and 
are called stars of the first, second, and so on to the sixth 
magnitude. About 2000 stars may be seen with the naked 
eye in the whole vault of the heavens, though only about 1000 
are above the horizon at the same time. Of these, about 17 
are of the first magnitude, 50 of the 2d magnitude, and 150 of 
the 3d magnitude. The others are of the 4th, 5th, and 6th 
magnitudes, the last of which are the smallest that can be dis- 
tinguished with the naked eye. 

ft might seem incredible, that on a clear night only about 
1000 stars are visible, when on a single glance at the cufiferent 
parts of the firmament, their numbers appear innumerable. 
But this deception arises from the confused and hasty manner 
in which they are viewed, for if we look steadily on a particu- 
lar portion of sky, and count the stars contained within cer- 
tain limits, we shall be surprised to find their number so few. 

As we have incomparably more light from the moon, than 
from all the stars together, it is absurd to suppose that they 
were made for no other purpose than to cast so faint a glim- 
mering on our earth, and especially as a great proportion of 
them are invisible to our naked eyes. The nearest fixed stars 
to our system, from the most accurate astronomical calcula- 
tions, cannot be nearer' than 20,000,000,000,000, or 20 tril- 
lions of miles from the earth, a distance so immense, that light 
cannot pass through it in less than three years. Hence were 
these stars annihilated at the present time, their light would 

Why are the stars called fixed 7 How may the stars be distinguished tnm 
the plajnets 1 The stars are divided into cfaBses, according to their magi^- 
tudes ; how many classes are there 1 How many stars may be seen with 
the naked eye, in the whole firmament 1 Why does there appear to be more 
stars than there really are 1 What is the oompated dbtanoe of the neazett 
fixed stars from the earth 1 
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eontinue to flow towards us, and they would appear to be in 
Uie same situation to us, three years hence that they do now. 

Our sun, seen from Uie distance of the nearest nxed stars, 
would appear no larger than a star of the first magnitude does 
to us. These stars appear no larger to us, when the earth is 
jn that part of her orbit nearest to them, than they do, when 
she is in the opposite part of her orbit ; and as our distance 
from the sun is 95,000,000, of miles, we must be twice this 
'distance, or the whole diameter of the earth's orbit, nearer a 
given 6xed star at one period of the year, than at another. 
The difference, therefore, of 190,000,000 of miles, bears so 
small a proportion to the whole distance between us and the 
fixed stars, as to make no appreciable difference in their sizes, 
even when assisted by the most powerful telescopes. . 

The amazing distances of the fixed stars may also be infer- 
red from the return of comets to our system, after an absence 
of several hundred years. 

The velocity ^i-ith which some of these bodies move, when 
nearest the sun, has been computed at nearly a million of 
miles in an hour, and although their velocities must be per- 
petually retarded, as they recede from the sun, still in 250 
years of time, they must move through a space, which to us 
would be infinite. The periodical return of one comet 
is known to be upwards of 500 years, making more than 
250 years in performing its journey to the most remote part 
of its orbit, and as many in returning back* to our system ; 
and that it must still always be nearer our system than the 
fixed stars, is proved by its return ; for by the laws of gravi- 
tation, did it approach nearer another system it would never 
again return to ours. 

From such proofs of the vast distances of the fixed stars, 
there 'can be no doubt that they shine with their own light, 
like our sun, and hence the conclusion that they are suns to 
other worlds, which move around them, as the planets do 
around our sun. Their distances will, however, prevent our 
ever knowing, except by conjecture, Avhether this is the case 
or not, since, were they millions of times nearer us than they 

How long would it take light to reach us from the fixed stars 1 How large 
would our sun appear at the distance of the fixed stars 1 What is said con- 
cerning the difference of the distance between the earth and the fixed stars 
at different seasons of the year, and of their difieient appearances in conse> 
qnencc 1 How may the distances of the fixed stars be mferred by the long 
absence and return of comets 1 Qa what grounds is it suf^posed that the 
fixed stars are suns to other worlds 1 



COMETS. 275 

lire, wefhould not be able to discover the reflected light of their 
p]iftiiet8« 

Comets, 

Besides the planets, which move round the snn in regular 
order and in nearly circular orbits, there belongs to the solar 
system an unknown number of bodies called Comets, which 
move round the sim in orbits exceedingly eccentric, or ellipti- 
cal, and whose appearance among our heavenly bodies is on- 
ly occasional. Comets, to the naked eye, have no visible disc, 
but shine with a faint glimmering light, and are accompanied 
by a train or tail, turned from the sun, and which is sometimes 
of immense length. They appear in every region of the 
heavens, and move in every possible direction. 

In the days of ignorance and superstition, comets were con- 
sidered the harbingers of war, pestilence, or some other great 
or general evil; and it was not until astronomy had made con- 
siderable progress as a science, that these strangers could be 
seen among our planets without the expectation of some dire- 
ful event. 

It had been supposed that comets moved in straight lines, 
coming from the regions of infinite, or unknown space, and 
merely passing by our system, on their way to regions equally 
unknown and infinite, and from which they never returned. 
Sir Isaac Newton was the first to demonstrate that comets pass 
round the sim, like the planets, but that their orbits are ex- 
ceedingly elliptical, and extend out to a vast distance beyond 
the solar system. 

The number of comets is unknown, though some astrono- 
mers suppose that there are nearly 500 belonging to otrr sys- 
tem. Ferguson, who wrote in about 1760, supposed that there 
were less than 30 comets which made us occasional visits ; 
but since that period the elements of the orbits of nearly 100 
of these bodies have been computed. 

Of these, however, there are only three whose periods of re- 
turn among us are known with any degree of certainty. The 
first of these 4ias a period of 75 years ; the second a period of 
129 years ; and the third a period of 576 years. The third 
appeared in 1680 : and therefore cannot be expected again 

What number of comets are sappoaed to belong to our system 1 How many 
have had the elements of their orbits estimated by astronomers ? Hovrmany 
aie there whose periods of letam are known T 
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until die yeu 2236. This comet, in 1660, excited the moat 

intenM intereBt among the aatroDomers of Europe, on account 

^eat apparent size and 

pproach to our system. 

most remote part of its 

its distance from the 

ta estimated at about 

thousand two hundred 

iBofmilee. Atitsnear- 

>roach to thesun, which 

ily about 60,000 miles, 

its Telocity, according to Sir Isaac Newtoii, was 880,000 miles 

in an hour; and supposing it to hare reCcined the sun's heat, 

like other solid bodies, its temperature must have been about 

3000 times that of red hot iron. The tail of this cometwasat 

least 100 millions of miles long. 

In the Edinburgh Elncyclopedia, article Astronomy, the.re 
is the most complete table of comets yet published. This 
table contains the elements of d7 comets, calculated by di^r- 
ent astronomers, down to the year 1806. 

From this table it appears that 34 cornels have passed be- 
tween the Hun and the orbit of Mercury; 33 between the or- 
bits of Venus and the Earth; 16 between the orbits of the 
Earth and Mars; 3 between the orbits of Mars and Ceres; 
and 1 between the orbits of Ceres and Jupiter. It also ap- 
pears by this table that 49 comets have moved round thp sun 
from west to east, and 48 from east to west. 

Of the nature of these wandering planets very little is knowa 
When examined by a telescope, they appear like a mass of 
vapours surrounding a dark nucleus. When the comet is 
at its perihelion, or nearest the sun, its color seems to be 
hdghtened by the intense light or heat of that luminary, and 
it then often shines with more brilliancy than the planets. At 
this time the tail or train, which is always directly opposite to 
the sun, appears at its greatest length, but is commotdy so 
transparent as to permit the fixed stars to be seen through it 
A variety of opinions have been advanced by astronomers con- 
cerning the nature and cause of these trains. Newton sup- 
posed that they were thin vapour, made to ascend by the sun's 
neat, as the smoke of a fire ascends from the earth ; while 
Kepler maintained that it was the atmosphere of the cornel 
driven behind it by the impuls e of the sun's raya. Others 
Wli«ti.«MdrftI»i»oietof 16801 
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floppofle that this appearance arbes from streamg of electric 
matter parsing away iirom the comet, &c. 

ELECTRICITY. 

The science of Electricity^ which now ranks as an impor- 
tant branch of Natural Philosophy, is wholly of modem date. 
The ancients were acquainted with a few detached facts de- 
pendent on the agency of electrical influence, but they never 
imagined that it was extensively concerned in the operations 
of nature, or that it pervaded material substances generally. 
The term electricity is derived.from electron, the Greek name 
of amber, because it was known to the ancients, that when 
that substance was rubbed or excited, it attracted or repelled 
small light bodies, and it was then unknown that other sub- 
stances when excited would do the same^ 

When a piece of glass, sealing wax, or amber, is rubbed 
with a dry hand, and held towards small and li^ht bodies, 
such as threads, hairs, feathers, or straws, these bodies will fly 
towards the surface thus rubbed, and adhere to it for a short 
time. The influence by which these small substances aredravni, 
la eaAled electrical attraction; the surface having this attractive 
power is said io be excited ; and the substances susceptible 
of this excitation, are called electrics. Substances, not having 
this attractive power when rubbed, are called non-electrics. 

The principal electrics are amber, rosin, sulphur, glass, the 

§recious stones, sealing wax, and the fur of quadrupeds. But 
le metals, and many other bodies, may be excited when insu- 
lated and treated in a certain manner. 

After the light substances, which had been attracted by the 
excited surface, have remained in contact with it a short time, 
the force which brought them together ceases to act, or acts 
in a contrary direction, and the hght bodies are repelled^ or 
thrown away from the excited surface. Two boaies, also, 
which have been in. contact with the excited surface, mutual- 
ly repel each oilier. 

Various .modes have been devised for exhibiting distinctly the 
attractive and repulsive agencies of electricity, and for obtain- 
ing indications of its presence, when it exists only in a feeble de- 
gree. Instruments for this purpose are termed Electroscopes. 

^ From what is the term electncity derived '{ What is electrical attrac- 
tion 1 What are efectrica 1 What are non-electrics 1 What are the princi- 
pal electrics 1 What is meant by electrical repulsion 1 What is an electn>- 
flcopel 

34 
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One of die simplest instruments of this kind consists of a 
F^. 913. metallic needle, terminated at 

each end by a light pith ball, 
Dviiich is covered with gold leaf, 
and supported horizontally at 
its centre by a fine point, fig. 
213. When a stick of sealing 
wax, or a glass tube, is excite<^ 
and then presented to one of 
these balls, the motion of the 
needle on its pivot will indicate 
the electrical influence. 
If an excited substance be brought near a ball made of pith, 
Fig. 214. or cork, suspended by a silk 

thread, the ball will, in the first 
place, approach the electric as at 
a, fig. 214, indicating an attrac- 
tion towards it, and if the posi- 
tion of the electric will allow, 
the ball will come into contact 
with the electric, and adhere to 
it for a short time, and will then 
recede firom it, showing that it is repelled as at b. If now the 
ball which had touched the electric, be brought near another 
ball, which has had no communication with an excited sub- 
stance, these two balls will attract each other, and come into 
contact ; after which they will repel each other, as in the for- 
mer cascT 

It appears, therefore, that the excited bod^, as the stick of 
sealing wax, imparts a portion of its electncity to the ball, 
and that when tne ball is also electrified, a mutual repulsion 
then takes place between them. Afterwards, the ball, being 
electrified by contact with the electric, when brought near 
another ball not electrified, transfers a part of its electrical 
influence to that, after which these two balls repel each other 
as in the former instance. 

Thus, when one substance has a greater or less quantity of 
electricity than another, it will attract the other substance, 
and when they are in contact, will impart to it a portion of this 
.superabundance ; but when they are both equally electrified, 
^Ih having more or less than their natural quantity of elec- 
tilriiy, they will repel each other. 

L Whon do twoeiectxified bodies attract, and when do they repel each other 1 
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To account for these phenomena, two theories have been 
advanced, one by Dr. Franklin, who supposed there is only 
one electrical fluid, and the other by Du Fay, who supposes 
there are two distinct fluids. 

Dr. Franklin supposed that all terrestrisd substances were 
pervaded with the electrical fluid, and that by exciting an elec- 
tric, the equilibrium of this fluid was destroyed, so that one 
I)art of the excited body, contained more than its natural quan- 
tity of electricity, and the other part less. If in this state a 
conductor of electricity, as a piece of metal, be brought near 
the excited part, the accumulated electricity would be impart- 
ed to it, and then this conductor would receive more than its 
natural quantity of the electric fluid. This he called positice 
electricity. But if a conductor be connected with tnat part 
which has less than its ordinary share of the fluid, then the 
conductor parts with a share of its own, and therefore will then 
contain less than its natural quantity. This he called negative 
electricity. When one body positively, and another negative* 
ly electrmed, are connected by a conducting substance, the 
fluid rushes from the positive to the ne^tive body, and the 
equilibrium is restorea. Thus bodies wich are said to be 
positively electrified contain more than their natural quantity 
of electricity, while those which are negatively electrified 
contain less than their natural quantity. 

The other theory is explained thus. When a piece of glass 
is excited and made to touch a pith ball, as above stated, then 
thart ball will attract another ball, after which they will mutu- 
sclly repel each other, and the same will happen if a piece of 
sealing wax be used instead of the glass. But if a piece of 
excited glass, and another of wax, be made to touch two sepa- 
rate balls, they will attract each other; that is, the ball which 
received its electricity from the wax will attract that which re- 
ceived its electricity from the glass, and will be attractedj)y it. 
Hence Du Fay concludes that electricity consists of two dis- 
tinct fluids, wnich exist together in all bodies — that they have 
a mutual attraction for each other— that they are separated by 

* — -- ■ IIBll .III! ■- — — 1 

How win two bodies act, one having more, and the other less than the 
natural quantity of electricity, when brought near each other 7 How will 
they act when both have more or less than their natural quantity % Explain 
Dr. Franklin's theory of electricity. What is meant by posidve, and what 
by negative electricity 1 What is the consequence, when a ]^itive and a 
n^ative body are connected by a conductor 1 Explain Du Fay's theory. 
When two balls are electrified, one with glass, and the other with wax, will 
they attract or repel each other 1 
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the excitation of electrics, and that when thus separated, and 
transferred to non-electrics,- as to the pith ballls, their mutual 
attraction causes the halls to rush towards each other. These 
two principles he called vitreous and resinous electricity. The 
vitreous being obtained from glass, and the resinous from wax, 
and other resinous substances. 

Dr. Franklin's theory is by far the most simple, and will ac- 
count for most of the electrical {^enomena equally well with 
that of Du Fay, and therefore has been adopted by the most 
able and recent electricians. 

It is found that some substances conduct the electric fluid 
from a positive to a negative surface with great facility, while 
others conduct it with difficulty, and others not at all. Sub- 
stances of the first kind are called conductors, and those of the 
last, Twn-conductoTs. The electrics, or such substances as, 
being excited, communicate electricity, are all non-conduct- 
urs, while the non-electrics, or such su(>stances as do not com- 
municate electricity on being merely excited, are conducttn^. 
The conductors are the metals, charcoal, water, and other 
fluids, except the oUs ; also, smoke, steam, ice, and snow. The 
best conductors are gold, silver, platina, brass, and iron. 

The electrics, or non-conductors, are glass, amber, sulphur, 
resin, wax, silk, most hard stones, and uie furs of some ani- 
mals. 

A body is said to be insulated^ when it is supported, or sur- 
rounded by an electric Thus, a stool, standing on glass legs, 
is insulated, and a plate of metal laid on a plate of glass, is 
insulated. 

When large quantities of the electric fluid are wanted for 
experiment, or for other purposes, it is procured by an elec- 
trical machine. These machines are of various forms, but all 
consist of an electric substance, of considerable dimensions ; 
the rubber by which this is excited, the prime conductor, on 
which the electric matter is acciunulated, the insulator, which 
prevents the fluid from escaping, and machinery by which 
the electric is set in motion. 

— - — -r T- r I I !■ ■ ^m M -a i^w^ «-— — ui,-i_^-ii __— , M——^ 

What arp the two electricities called 1 From what suhstancea are the two 
«le«-tricitie8 obtained 1 What are conductors t What are non-conductors 1 
What substances are conductors 1 What substances are the best conductors 1 
What substances are electrics, or non-conductors 1 When is a body said to 
be insulated 1 What are the several parts of an electrical madiine ? 
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Fig. 315 represents such a machine, of which A is the 
electric, being a cylinder of glass ; B the prime conductor, 
R the rubber or cushion, antiC a chain connecting the rub- 
ber with the ground. The prime conductor is si)pported by 
a standard of glass. Sometimes, also, die pitlara wnich Hiip- 
purt die axis of the cylinder, and thai to which the cushion is 
attached, are made of the same material. The prime con- 
ductor has several wires inserted into its side, or end, which 
are pointed, and stand with the points near the cylinder. 
They receive the electric Auid from the glass and convey it 
to the conductor. The conductor is commonly made of sheet 
brass, there being no advantage in having it solid, as the 
electric fluid is always confined entirely to the surface. 
Even paper, covered with gold leaf, is as effective in this 
respect, as though the whole was of solid gold. The cushion 
is attached to a standard, which is furniuhed with a thumb 
screw, so that itspressure on the cylinder can be increased 
ut diininished. The cushion is made of leather, stuffed, and 
at its upper edge there is attached a flap of silk, F, by which 
ft greater surface of the glass is covered, and the elecmc fluid 

What ii the DM of the pointed Him iu the [iriine eoi^uetorl How is it 
■ooonnted ibr, that a mere ■nrjace oT metal will contain w mDch electric 
ftqid, ai tboasb it were nhd 1 When a piece (rfelMa) or naling wu, ii ei- 
ciMd, by nibbu^ it woh the band, or a puce of uk, whence ocsMe tM eltc- 
tricitTl 

' 34- 
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thus prevented, in some degree, from escaping. The efficacy 
of the rubber in producing the electric excitation is much in- 
creased by spreading on it a small quantity of an amalgam of 
tin and mercury, mixed with a little lard, or other unctuous 
substance. 

The manner in which this machine acts, may be inferred 
from what has already been said, for when a stick of sealing 
wax, or a gla^s tube, is rubbed with the hand, or a piece of 
silk, the electric fluid is accumulated on the excited substance, 
and therefore must be transferred from the hand, or silk, to 
tlie electric. In the same manner, when the cylinder is made 
to re vol re, the electric matter, in consequence of the friction, 
leaves the cushion, and is accumulated on the glass cylinder, 
that is, the cushion becomes negatively, and the glass posi- 
tively electrified. The fluid, being thus excited, is prevented 
from escaping by the silk flap, until it comes to the vicinity 
of the metallic points, by which it is conveyed to the prime 
conductor. But if the cushion is insulated, the quantity of 
electricity obtained, will soon have reached its limit, for when 
its natural quantity has been transferred to the glass, no more 
can be obtained. It is then necessary to make the cushion 
communicate with the ground, which is done by laying the 
chain on the floor, or table, when more of the fluid wul be 
accumulated, by further excitation, the ground being the inex- 
haustible source of the electric fluids 

If a person who is insulated, takes the chain in his hand, the 
electric fluid will be drawn from him, along the chain to the 
cushion, and from the cushion will be transferred to the prime 
conductor, and thus the person will become negatively elec- 
trified. If then, another person, standing on the floor, hold 
his knuckle near him who is insulated, a spark of electric fire 
will pass between them, with a crackling noise, and the 
equilibrium will be restored ; that is, the electric fluid will 
pass from him who stands on the floor, to him who stands on 
the stool. But if the insulated person takes hold of a chain, 
caymected with the prime conductor, he may be considered 

When the cushion ia insulated^hy is there a limited qwmtttj of electric 
matter to be obtained from iti What is then necessary, that more electric 
matter may be obtained from the cushion )^If an insulated person takes the 
chain, connected with the cushion, in his hand, ipriiat dumae will be pro- 
duced in his natunl quantity of etectricity 1 If the insulated penon takes 
hold of the chain connected with the prime conductor, and the machine be 
wotkec^ what then will be the change prodnoed In his electrical statel 
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as forming a part of the' conductor, and therefore the electric 
fluid will be accumulated all over his surface, and he will be 
positively electrified, or will obtain more than his natural 
quantity of electricity. If now, a person standing on the floor 
touch this person, he will receive a spark of electrical Are 
from him, and the equilibrium will again be restored. 

If two persons stand on two insulated stools, or if they both 
stand on a plate of dass, or a cake of wax, the one person 
being connected by the chain with the prime conductor, and 
the other with the cushion, then, after working the machine, 
if they touch each other, a much stronger shock will be felt, 
than in either of the other cases, because the diflerence be- 
tween their electrical states will be greater, the one having 
more and the other less than his natural quantity of electrici- 
ty. But if the two insulated persons bom take hold of the 
chain connected with the prime conductor, or with that con- 
nected with the cushion, no spark will pass between them, on 
touching each other, because they will then both be in the 
same electrical state. 

We have seen, fig. 213, that die pith ball is first attracted 
and then repelled, by the excited electric, and that ihe ball so 
repelled will attract, or be attracted, by other substances in 
its vicinity, in consequence of having received from the exci- 
ted body more than its ordinary quantity of electricity. 



Fig. 316. % 




These alternate movements are amus- 
ingly exhibited, by placing some small 
li^t bodies, such as the figures of men 
and women, made of pith, or paper, be- 
tween two metallic plates, the one placed 
over the other, as in ^g. 216, the upper 

Slate communicating wim the prime con- 
tictor, and the other with tne ground. 
When the electricity is communicated to 
the upper plate, the fittle figures, being at- 
tractea by the electricity, will jump up, 
and strike their heads affainst it, ana hav/- 
ing received a portion of the fluid, are in- 
stantly repelleo, and again attracted by the 
lower plate, to which they impart their elec- 



Iftwo iiMohtal penoM tak0 hoU of the two ehaini, one connected wfth 
the prime conductor, and the edMr with the ewliioii, what Ghanges wiB ba 
proanoedl 
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tricity, and then are again attracted, and so fetch and cany the 
electric fluid from one to the other, as Ion? as the upper plate 
contains more than the lower one. In the same manner, a 
tumbler, if electrified on the inside, and placed over light sub- 
stances, as pith balls, will cause them to dance for a consider- 
able time. 

This alternate attraction and repulsion, by moveable con- 
ductors, is also pleasingly illustrated with a ball, suspended 
by a silk string between two bells of brass, fig. 217, one of 
Fig. 21T the bells being electrifieo, and the other 

communicating with the ground. The 
alternate attraction and repulsion, 
moves the ball from one bell to the 
other, and thus produces a continual 
ringing. In all these cases, the phe- 
nomena will be the same, whether the 
electricity be positive or negative; 
for two bodies, being both positively, 
or negatively electrified, repel each 
other, but if one be electrified positive- 
ly, and the other negatively, or not at 
all, they attract each other. 

Thus a small figure, in the human 
shape, with the head covered with hair, when electrified, either 
positively or negatively, will exhibit an appearance of the ut- 
most terror, each hair standing erect, and diverging from the 
other, in consequence of mutual repulsion. A person stand- 
ing on an insulated stool, and hie^hly electrified, will exhibit the 
same appearance. In cold, ary weather, the friction pro- 
duced by combing a person's nair, will cause a less degree 
of the same effect. In either case, the hair will collapse, or 
shrink to its natural state, on carrying a needle near it, be- 
cause this conducts away the electric fluid. Instruments 
designed to measure the intensity of electric action, are called 
electroToeters. 

Such an instrument is represented by fig. 218. It consists 
of a slender rod of light wood, a, terminated by a pith ball, 
which serves as an index. This is suspended at tne upper 

If they both take hokiof tbe same chain, what will be the effectl £^ 
pUin the reason why the little images dance between the two metaUic plates, 
fig. 216. Explain ng. 317. Does it make any difference in respect to the 
motion of the images, or of the ball between the befls, whether the electii- 
city be imsitive or negatifel Whan a peiwm is h^^y electrified, why does 
he exhibit an appearance of the utmoet tenor 1 What is an electromeler 1 
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Fig. 318. part of the wooden stem &, so as to play easily 
oackwards and forwards. The ivory semicir- 
cle c, is affixed to the stem, having its centre 
coinciding with the axis of motion of the rod, 
so as to measure the ande of deviation from 
the perpendicular, which the repulsion of the 
hall from the stem produces in the index* 

When this instrument is used, the lower, end 

of the stem is set into an aperture in the prime 

conductor, and the intensity of the electric 

action is indicated hy the number of degrees 

the index is repelled from the perpendicular. 

The passage of the electric fluid through a 

perfect conductor is never attended with light, 

or the cracjcling noise, which is heard when it is transmitted 

through the air, or along the surface of an electric. 

Several curious experiments illustrate this principle, for if 
fragments of tin foil, or other metal, be pasted on a piece of 
glass, so near each other that the electric fluid can pass be- 
tween them, the whole line thus formed with the pieces of 
metal, will be illuminated by the passage of the electricity 
from one to the other. 

Pig. 319. 





In this manner, figures or words may be formed, as in fig. 
219, which by connectinff one of its ends with the prime con- 
ductor, and the other with the ^ound, will, when trie electric 
fluid is passed through the whole, in the dark, appear one con- 
tinuous and vivid line of fire. 

Electrical light seems not to differ, in any respect, from the 
liffht of the sun, or of a burning lamp. Dr. Wollaston observ- 
ed, that when this light was seen through a prism, the ordina- 
ry colors arising from the decomposition of light were obvious. 

Describe that represented at fig. 219, together with the mode of' using it. 
When the ek<;trtc fluid passes along a perfect conductor, is it attended with 
li^ht and noise, or not 1 When it passes along an electric, or throush the 
air, what phenomena does it exhibit 1 Describe the experiment, fig. 3i9, in- 
tended to illustrate this principle. 
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The brilliancy of electrical sparks is proportional to the 
conducting power of the bodies between which it passes. 
When an imperfect conductor, such as a piece of wood, is em- 
ployed, the electric Hght appears in faint, red streams, while, 
if passed between two pointed metals, its color is of a more 
brilliant red. Its color also differs, according to the kind of 
substance from, or to which, it passes, or it is dependant on 
peculiar circumstances. Thus, if the electric fluid passes be- 
tween two polished metaUic surfaces, its color is nearly 
white ; but if the spark is received by the finger from such a 
8ur&ce, it will be violet. The sparks are ffreeri^ when taken 
by the finger from a surface of silvered leather ; yellow, when 
taken from finely powdered charcoal ; emd purple, when taken 
from the greater number of imperfect conductors. 

When the electric fluid is discharged from a point, it is 
always accompanied by a current of air, whether the electri- 
city be positive or negative. The reason of this appears to 
be, that the instant a particle of air becomes electrified, it re- 
pels, and is repelled by the point from which it received the 
electricity. 

Fig. 390. Several curious little experiments fgre 

made on this principle. Thus, let two cross 
wires, as in fig. S20, be suspended on a pi- 
vot, each having its point bent in a contrary 
direction, and electrified by being placed 
on the prime conductor of a machine. 
These points, so long as the machine is in 
action, will give off streams of electricity, 
and as the particles of air repel the points 
by which they are electrified, the little ma- 
chine will turn round rapidly, in the direction contrary to that 
of the stream of electricity. Perhaps, also, the reaction of 
the atmosphere against the current of air given ofif by the 
points, assists in giving it motion. 

When one part, or side of an electric, is positively^ the other 
part, or side, is negatively electrified. Thus, if a plate of glass 
be positively electrified on one side, it will be negatively elec- 

What is the appearance of electrical light through a prism 7 What is said 
ooncemin^ ^e different colors of electrical light, when passuig between 
Kirfooes m cfifierent kinds ? Describe fig. S30, sind explain the principle on 
which its motion depends. Suppose one part, or side of an electric, is positive, 
what will be the electrical state of *the other side or part ? 
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trified on the other, and if the inedde of a glass vessel be posi- 
tive, the outside will be negative. 

Advantage of this circumstance is taken, in the construc- 
tion of electrical jars, called, from the place where they were 
first made, Leyden mcUs. 

F^. 221. The most common form of this jar is repre- 

sented by fig. 221. It consists of a glass ves- 
sel, coated, on both sides, up to a with tin foil ; 
the upper part being left naked, so as to pre- 
vent a spontaneous discharge, or the passage 
of the electric fluid from one coating to the 
other. A metallic rod, rising two or three 
inches above the jar, and terminatinff at the 
top with a brass ball, which is called the knob 
of the jar, is made to descend through the cover, 
till it touches the interior coating. It is along 
this rod that the charge of electricity is con- 
veyed to the inner coating, while the outer 
coating is made to communicate with the ground. 

When a chain is passed from the prime conductor of an 
electrical machine to this rod, the electricity is accumulated 
on the tin foil coating, while the glass above the tin foil pre- 
vents its escape, and thus the jar becomes charged. By con- 
necting togetner a sufficient number of these jars, any quan- 
tity of the electric fluid may be accumulated. For this pur- 
pose all the interior coatings of the jars are made to commu- 
nicate with each other, by metallic rods passing between 
them, and finally terminating in a single Tod. A similar 
union is also established, by connecting the external coats 
with each other. When thus arranged, the whole series may 
be charged, as if they formed but one jar, and the whole 
series may be discharged at the same instant. Such a com- 
liination of jars is termed an electrical battery. 

For the purpose of making a direct communication between 
the inner and outer coating of a single jar, or battery, by which 
a discharge is effected, an instrument called a discharging rod 
is employed. It consists of two bent metallic rods, termina- 
ted at one end by brass balls, and at the other end connected 

What part of the electrical apparatus is constructed on this principled 
How is the Leyden viaJ constructed 1 Why is not the whole surface of the 
vial covered with the tin foil ? How is the Leyden vial charged 1 In what 
manner may a number of these vials he charged 1 What is an electrical 
batteiyl 
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bja Joint. This jomt ia fixed to the end of a eIbss iiandle; 
and the roda beinc moreable at the joint, the balls can be sep- 
snted, or bron^t near each other, as occasiop requires. 
When opened to a proper distance, one ball ia made to touch 
the tin fofl on the ontside of the jar, and then the other is 
fig. ass. brought in contact vfith the knob 

of the jar, as seen in fig. 232. In 
this manner & discharge is effect^ 
ed, or an equilibrium produced 
between the positiTe and negative 
sides of the jar. 

When it ta desired to pasa the 

charge throngh any substance for 

experiment, uen an eleclTicaicir- 

cuit must be established, of which 

the substance to be experimented 

on, must form a part. That is, 

the substance must be placed between the ends of two melal 

lie conductors, one of which communicates with the positive, 

and the other with the negatire side of the jar, or battery. 

When a person takes the electrical shock in the usual man- 
ner, he merely takes hold of the chain connected with the 
outside coating, and the battery being charged, touches the 
knob with his finger, or with a metallic rod. On making this 
circuit, the fluid pa^es througji tiie person from the positire 
to the negative side. 

AuT number of persons may receive the electrical shock, 
by taking hold of each other's hands, the first person touchinr 
d)e knob, while the last lakes bold of a chain connected wiih 
the external coating. In this manner, hundreds, or perhaps 
thousands of persons, will feel the shock at the seme instant, 
there being no perceptible interval in the time when ibe first 
and the last person in the circle feels the sensation excited by 
thepassage of the electric fluid. 

The atmosphere always contains more or less electricity, 
which is sometimes positive, and at others negative. It is 
however most commonly positive, and always so when the sky 

Eliyljin the dwagii of lig. If22, and bIiow bow an cqnilibnom is producsd 
by IhcciiBCha^ing roil. When it id cleared to pan the electrical fluid throueb 
any mtiaranpe, where mu« it be placed in renpeet to tbe two odea of the 
bnllpry 1 Suppose the baCtrry i> char^, what must a person do to tcJce the 
■hock 1 What drcumrtance ia rplatad, which flbowe the mrcnnng velodtv 
with which rjeetridty ia tnuismitted 1 la the electricity of (lie atmosphen 
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18 cleaTf or free from douds or fo^. It is always stronger in 
winter than in summer, and dunng the day than during the 
niffht. ' It is also stronger at some hours of the day than at 
ofters ; being strongest about 9 o'clock in the morning, and 
weakest about the middle of the afternoon. These different 
electrical states are ascertained by meana of long. metallic 
wires extending from one building to another, and connected 
with electrometers. 

It was proved by Dr. Franklin, that the electric fluid and 
lightning are the same substance, and this identity ha» been 
confirm^ by subsequent wnters on the subject. 

If the properties and phenomena of lightning be compared 
widi those of electrici^^ it will be found that they differ only 
in respect to degree. * Thus lightning passes in irregular lines 
through the air; the discharge of an electrical battery has the 
same appearance. Lightning strikes the highest pointed ob> 
jects — takes in its course the TOst conductors — sets fire to non- 
conductorsy or rends them in pieces — and destroys anitnal 
life ; all of which phenomena are caused by the electric fluid. 

Buildinffs may be secured frt>m the effects of lightning, by 
&3dng to tnem a metallic rod, which is elevated above any part 
of the edifice and continued to the moist ground, or to the 
nearest water. Copper, for this purpose, is better than iron, 
not only because it is less Uable to rust, but because it is a bet- 
ter conductor of the electric fluid. The upper part of the rod 
should end in several fine points, which must be covered with 
some metal not liable to rust, such as gold, platina, or silver. 
No protecHan is afforded by the conductor unless it is continu- 
ed without interruption from ths top ^ the bottom of the build- 
ings and it cannot be relied on as a protector^ unless it reaxihes 
the moist earthy or ends in water connected with the earth. 
Conductors of copper, may be three fourths of an inch in di- 
ameter, but those of iron should be at least an inch in diame- 
ter. In large buildings, complete protection requires many 
lifffatning rods, or that they should be elevated to a height 
above the building in proportion to the smallness of their num- 
bers, for modern experiments have proved that a rod only pro- 

At what times does the atmospheie contam most electiici^? How aie the 
dillefeiit electrical states of the atmosj^ve ascc^rtained 1 Who first disco- 
Teied that electricity and Kghtning are the same 1 What phenomena aie 
mentioned which Yndxaut in common to electricity and lightning') How may 
hnildinffl be protected from the effects of Ijghtningl Wnich is the best con* 
doctor, mm or o^perl What ciiciunstanoeB are necessary, that the rod may 
be relied on as a protector 1 

25 



290 MAGNETISBt. 

tects a dfde aromid it, tlie radius of which is equal to twice 
its length above the buflding. 

Some fishes hare the power of giving electrical shodis, the 
effects of which are the same as those obtained by the friction 
of an electric The best known of these are the Torpedo^ the 
Qymnotus electricusj and the SUurus electricus. 

The torpedo, when touched with both hands at the same 
time, the one hand on the under, and the other on the upper 
surface, wiU gire a shock like that of the Leyden vial ; wmch 
shows that the upper and under surfaces of the electric organs 
are in the positive and negative state, like the inner and outer 
sur&ces of the electrical jar. 

The gymnotus electricus, or electrical eel, possesses all the 
elefctrical powers of the torpedo, butin a mucn higher degree. 
'liVhen small fish are placed in the water with this animal, they 
are generally stunned, and sometimes killed, by his electrical 
shock, after which he eats them if hungry. The strongest 
shock of the grymnotus, wiU pass a short distance through the 
air, or across the surfiice of an electric, from one conductor 
to another, apd then there can be perceived a small, but vivid 
spark of electrical fire : particularly if the experiment be made 
-in the dark* Galvanism, See Chemistry. 
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The native Magnet^ or Loadstone^ is an ore of iron, which 
is found in various parts of the world. Its color is iron black, 
its specific gravity nrom 4 to 5, atad it is sometimes found in 
crystals. This substance without any preparation attracts iron 
and' steel, and when suspended by a string, will turn one of 
its sides towards the north, and another towards the south. 

It appears that an examination of the properties of this spe- 
cies of^iron ore, led to the imnortant discovery of the magnetic 
needle, and subsequently laia the foundation for the science of 
Magnetism, though at the present day magnets are made with- 
out this article. 

The whole science of magnetism is founded on the &ct that 
pieces of iron or steel, after oeing treated in a certain manner, 
and then suspended, will constantiy turn one of their ends to- 

What animalB have tiie povrer of ^ving electrical shocks ? Is tiiis electri- 
dtj supposed to ^aSbt fipom tiiat obtained oy azt? How must the hands be 
applied to take the electrical shock of th^se animals 7 What is the native 
magnet or loadstone ? What are the properties of the loadfltone'^ On what 
is the whole subject of magnetism founded 1 
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wards the north, and consequently the other towards the south. 
The same property has heen more recently proved to belong 
to the metals nickel and cobalt, though with much less intensity. 

The poles of a magnet are those parts which possess the 
greatest power, or in which the magnetic virtue seems to be 
concentrated. One of the poles points north, and the other 
south. The magnetic meridian is a vertical circle in the hea- 
vens, which intersects the horizon at the points to which the 
magnetic needle, when at rest, directs itself. 

The aans of a magnet, is a right line which passes from one 
of its poles to the other. 

The equator of a magnet, is a line perpendicular to its ax- 
is, and is at the centre between the two poles. 

The leading properties of the magnet are the following. It 
attracts iron ana steel, and when suspended so as to move nree- 
ly, it arranges itself so as to point north and south; this is call- 
ed the polarity of the magnet. When the sotUh pole of one 
magnet is presented to the north pole of another, they will at- 
tract each other: this is called magnetic aMr action, mt if the 
two north or two south poles be brought together, they will 
repel each other, and this is called magnetic repulsion. When 
a magnet is left to move freely, it does not lie in a horizontal 
direction, but one pole inclines downwards, and consequently 
the other is elevated above the line of the horizon. This is 
called the dipping, or inclination of the magnetic needle. 
An^ magnet is capable of communicating its own propertie« 
to iron or steel, and this again will impart its magnetic virtue 
to another piece of steel, and so on indefinitely. 

If a piece of iron or steel be brought near one of the poles 
of a magnet, they will attract each other, and if suffered to 
eome into contact, will adhere so as to require force to sepa- 
rate them. This attraction is mutual; for the*iron attracts the 
ma^et with the same force that the magnet attracts the iron. 
This may be proved, by placing the iron and magnet on pieces 
of wood floating on water, when they will be seen to approach 
each other mutually. 

The force of magnetic attraction varies with the distance in 
Ae same ratio as the force of gravity; the attracting force be- 

What other metalabeodes bpon possess the magnetic property 1 What are 
the poles of a majmet 1 What is tlie axis of a magnet 1 What is the equator 
of a magnet 1 What is meant by the polarity of a ma^et 1 When do two 
magnets attract, and when repel each other i What is understood by th^ 
dipping of the magnetic needle 1 



292 MAfiNBTMM. 

iag inversely' at the equate of die dielanee between the mag. 
net and tfaenron. 

The magnetic foree k not sensibly affected by the interpo- 
sition of any substance except those containing iron, or eteeL 
Thus, if two magnets, or a magnet and piece of iron, attract 
Mich other with a certain force, Ais foree will be the same^ if 
a' plate of fffaws, wood, or paper, be placed between thenu 
Neither wiU the Ibrce be altered, by placing the two attracting 
bodies under water, or in the exhausted receiver of an air 
pump. This proTCs Aat the magnetic influence passes equal- 
ly well througn air, glass, wood, paper, water, and a vacuum. 

Heat weakens the attractive power of the magnet, and a 
white heat entirely destroys it Electricity will change the 
poles of the magnetic needle, and the explosion of a small 
quantity of gun-powder on one of the poles, will have the 
same effect 

The attractive power of the magnet may be increased by 
permitting a piece of steel to adhere to it, and then suspendiniF 
to the steel a little additional weight every day, for it wiu 
sustain, to a certain limit, a little more weight on one day, 
than it would on the day before. 

Small natural magnets will sustain more than large ones in 
proportion to their weight It is rare to find a natural mag^ 
net, weighing 90 or 30 grains, which will lift more than thirty 
or forty times its own weight But a minute piece of natiual 
magnet, worn by Sir Isaac Newton, in a rinff, which weighed 
onl^ three grains, is said to have been capable of Kfting 745 
grains, or nearly 250 times its own weight 

The' magnetic property may be communicated from the 
loadstone, or artificial magnet, m the following manner, it be* 
ing understood that the north pole of one of me magneis em* 
ployed, must alwavs be drawn towards the south pole of &e 
new magnet, and tnat the south pole of die other magnet em- 
ployed, 18 to be drawn in the contrary direction. The north 
poles of magnetic bars are usually mariLcd with a line across 
them so as to distinguish this end from the other. 

How 18 it proved thtt the Inn attncts tlie mai^et with ths tame font 
that the ma^et attracts the ironl How does the Ibfoe of ma^poetic attrac- 
tion vary with the distance? Does the magpMtie force vary with the inter' 
position of any substance between the attrutins bodies *} What it the efiect 
of heat on the maonet 1 What is the eflfisct of dec t i i city, or the exidosion of 
gtin-powrhsr on it ? Uow may the power of a magnet be inoeaseo 1 What 
IS said conoeming the oomparative powers of great and small mifgiietB 1 
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Fig. 2S3. Place two magnetic 

bars, a and h, fig. ^^, so 
'that the north end of one 
may be nearest the south 
end of the other, and at 
such a distance, that the 
ends of the steel bar to be 
touched, ma^ rest upon 
them. Having thus arranged jthem, as shown m the figure. 
take the two magnetic bars, d and e, and apply the south end 
of e, and the nortb end of J, to the middle of the bar c, eleva- 
ting their ends as seen in the figure. Next separate the bars 
e and (2, by drawing them in opposite directions along the 
surface of c, stUl preserving the elevation of their ends ; then 
removing the bars d and e to the distance of a foot or more 
from the bar c, bring their north and south poles into contact, 
and then having again placed them on the middle of c, draw 
them in contrary directions, as before. The same process 
must be repeatea many times, on each side of the bar, c, when 
it will be found to have acquired a strong and 'permanent 
magnetism. 

U a bar of iron be placed, for a long period of time, in a 
north and south direction, or in a perpendicular position, it 
will often acquire a strong magnetic power. Old tongs, po- 
kerSy and fire shovels, almost always possess more or less 
magnetic virtue, and the same is found to be the case with the 
iron window bars of ancient houses, whenever they have hap- 
pened to be placed in the direction of the magnetic line. 

A magnetic needle^ such as is employed in the mariner's and 
surveyor's compass^ may be made by mdng a piece of steel on 
a board, and then drawing two magnets from the centre to- 
wards each end, as directed, at fig. 5223. Some magnetic 
needles in time lose their virtue, and require again to be 
magnetized. This may be done by placing the ntedle, still 
suspended on itapivot, between tne opposite poles of two 
magnetic bars. While it is receiving the magnetism, it wOl be 
agitated, moving backwards and forwards, as though it were 
animated, but when it has become perfecUy magnetized, it will 
remain quiescent 

■ " ■I I ■! » ■ ■ ■■II. ^ -.I...! .1 I.I. I ■ . • 

Exphin fig. 323, and descfibe the mode of makhig a suiffiiet In what 
wwillflfrwr do pmb of iron become megnetic qpontaneonelyl How may a net- 
dfe be magnetfand wfthout lemoving it ftom its pi^ott 
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The dipf or inclination of the ma^etic needle, is its devia- 
tion from its horizontal position, as already mentioned. A 
Siece of steel, or a needle, which will rest on its centre, in a 
irection parallel to the horizon, before it is magnetized, will 
afterwards incline one of its ends towards the earth. This 
property of the magnetic needle was discovered by a compass 
maker, who, having finished his needles before they were 
magnetized, found that immediately afterwards, their north 
ends inclined towards the earth, so that he was obliged to add 
small weights to their south poles, in order to make them 
balance, as before. 

The dip of the magnetic needle is measured by a graduated 
circle, placed in the vertical position, with the needle sus- 
pended by its side. Its inclination from a horizontal line, 
marked across the &ce of this circle, is the measure of its dip. 
The circle, as usual, is divided into 360 degrees, and these 
into minutes and seconds. 

The dip of the needle does not vary materially at the same 
place, but differs in different latitudes, increasing as it is car- 
ried towards the north, and diminishing as it is carried to- 
wards the south. At London, the dip for many years has 
varied little from 72 degrees. In the latitude of 80 degrees 
north, the dip, according to the observations of Capt. Parry, 
was 88 decrees. 

Althott«i, in general terms, the magnetic needle is said te. 
point norai and south, yet this Is very seldom strictly true, 
there being a variation in its direction, which differs in degree 
at different times and places. This is called the variation^ 
or declination^ of the magnetic needle. 

This variation is determined at sea, by observing the differ- 
ent points of the compass at which the sun rises, or sets, and 
comparing them with the true points of the sun's rising or 
setting according to astronomical tables. By such observa- 
tions, it has been ascertained, that the magnetic needle is 
continuallv declining alternately to the east, or west, from due 
nordi, ana that this variation difiers in different parts of the 
world at the same time, and at the same place at different 
times. 

Hdw waB the dip of the magnedc nee^ fint disooveied % In what man- 
ner is the dip measimd 1 'Waat ckeiiniBtanoe incnasea or diminishea the 
dip of the needle 1 What ia meant by the declination of the magnetic nee- 
dle? How IB this vaiiation determined t What hjua heen ascertSuied, coiv 
oeming the variation of the needle at difierent times and places 1 
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In 1580 the needle, at London, pointed 11 degrees 15 min- 
utes east of north, and in 1657 it pointed due north and south, 
so that it moved during that time at the mean rate of about 9 
minutes of a degree in each year, towards the north. Since 
1657, according to observations made in England, it has de- 
clined gradually towards the west, so that in 1803, its varia- 
tion west of north, was ^ de^ees. 

At Hartford, Con. in latitude about 41, it appears from a re- 
cord of its variations, that since the year l^A^ the magnetic 
needle has been declining towards the west, at the mean rate 
of 3 minutes of a degree annually, and that on the 20th of July, 
1829, the variation was 6 degrees 3 minutes west of the true 
meridian. 

The cause of this annual variation has not been demonstra- 
ted, though according to the experiment of Mr. Canton, it 
has been ascertained, that there are slight variations during 
the different months of the year, which seem to depend on the 
degrees of heat and cold. 

The directive pqwer of the magnet is of vast importance to 
the world, since by this power, mariners are enabled to con- 
duct their vessels through the widest oceans, in any given di- 
rection, and by it, travellers can find their way across deserts 
which would otherwise be impassable. 
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